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FOREWORD 


This  report  has  been  prepared  as  the  culmination  of  the 
work  done  under  USAF  contract  No.  AF  33(  616  )-7825 .  The  contract 
was  administered  under  the  direction  of  the  Propulsion  Laboratory 
of  Aeronautical  Systems  Division,  Wr ight-Patterson  Air  Force  Base,  Ohio 
by  Captain  H.  I.  Bush  and  Mr.  E.  E.  Buchanan. 

Instruments  and  Systems  Section  supervised  the  joint  in¬ 
dustry  project  with  Research  and  Development  Division  under  the 
administrative  guidance  of  Dr.  M.  A.  Kashmiry,  Chief  Engineer, 
the  coordination  being  handled  by  Mr.  H.  J.  Greenberg,  Project 
Engineer. 

The  three  major  tasks  involving  the  metallurgy,  wire  manu¬ 
facture,  and  materials  testing  were  acministered  by  Dr.  H.J.  Albert, 
Head  of  the  Physics  Department  of  the  Research  and  Development 
Division.  Mr.  E.  D.  Zysk  coordinated  all  phases  of  Task  Nos.  1, 

2,  and  3,  while  also  acting  in  liaison  capacity  with  Instruments 
and  Systems  Section. 

The  development  work  on  the  thermocouple  materials  was  done 
by  Mr.  D.  J.  Accino  and  Dr.  J.  F.  Schneider.  Others  who  contrib¬ 
uted  to  the  development  were  Messrs.  D.  Osterberg,  E.  Pan  and 
D.  Toenshoff,  all  of  the  Research  and  Development  Division. 

Mr.  J.  S.  Hill  directed  the  experimental  work  done  on  the 
Fibro  materials  with  the  assistance  of  Mrs.  J.  Wisely. 

Mr.  H.  J.  Greenberg  was  responsible  for  direction  of  the 
Task  No.  4  effort  covering  manufacturing  techniques  and  production 
of  hardware.  Messrs.  J.  Clay  and  M.  Skal  of  the  Instruments  and 
Systems  Section  made  significant  contributions  in  this  phase  of 
the  work. 


Mr.  D.  Campbell  performed  the  initial  testing  on  thermo¬ 
couple  probes  submitted  to  the  Propulsion  Laboratory,  Aeronautical 
Systems  Division. 

The  stimulating  assistance  of  Mr.  F.  R.  Caldwell,  Chief  of 
Combustion  Controls  Section  at  the  National  Bureau  of  Standards, 
Washington,  D.  C.,  is  gratefully  acknowledged.  Mr.  Lief  0.  Olsen 
and  Mr.  P.  D.  Freeze  also  contributed  to  the  testing  of  the  various 
probes  submitted  for  thermal  response  and  temperature  cycling  tests. 
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ABSTRACT 


Applied  research  work  on  two  thermocouple  systems  for 
use  in  aircraft  jet  engines  to  temperatures  of  2300°?  is  here¬ 
with  reported.  The  two  couples  involved  are  the  palladium  vs. 
platinum  15^  iridium  previously  investigated  under  USAF  con¬ 
tract  No.  AF  33( 600 ) -32302 ,  and  Platinel  2,  a  proprietary  ma¬ 
terial  produced  by  Engelhard  Industries,  Inc. 

Reliability  of  the  latter  thermocouple  in  the  jet  engine 
environment  is  shown. 

Fabrication  technique  for  manufacture  of  four  basic  thermo¬ 
couple  geometries  as  well  as  performance  data  for  same  are  pre¬ 
sented  . 

(  "f-  y'lC,  3  M  )  (  3.  \ 
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Publication  of  this  technical  documentary  report  does  not  constitute 
Air  Force  approval  of  the  report's  findings  or  conclusions.  It  is 
published  only  for  the  exchange  and  stimulation  of  ideas. 
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INTRODUCTION 


The  work  performed  on  this  contract  was  an  outgrowth  of 
the  development  of  the  thermocouple  system  of  palladium  vs.  plat¬ 
inum  15%  iridium  which  was  initially  explored  under  Air  Force  con¬ 
tract  AF  33( 600)-32302  and  reported  in  ASD  Technical  Report  57- 
744,  published  in  January,  1959.  This  thermocouple  has  the  ad¬ 
vantage  of  having  a  high  output,  approximately  75%  of  the  lower 
temperature  chromel  vs.  alumel  system. 

Present  in-'production  turbo-prop  and  turbo-jet  engines 
utilize  chiomel  vs.  alumel  thermocouple  systems  for  sensing 
turbine  inlet  and  exhaust  gas  temperatures.  Such  systems  will 
not  be  satisfactory  for  future  high  temperature  turbine  engine 
propulsion  systems  due  to  the  inherent  characteristics  of  the 
materials.  Temperature  sensing  systems  with  therf'ocoupl e  ele¬ 
ments  of  the  noble  metal  family  can  withstand  the  nigh  tem¬ 
perature  environments  anticipated.  The  main  deficiency  of  the 
older  noble  metal  combination,  namely  platinum  vs.  platinum- 
rhodium  and  iridium  vs.  iridium-rhodium,  is  the  relatively  low 
output  which  imposes  severe  amplification  problems  on  the  en¬ 
gine  control  system.  It  was  toward  this  purpose  that  the  ap¬ 
plied  research,  fabrication  and  testing  of  the  palladium  vs. 
platinuni  15%  iridium  material  investigated  further  under  this 
contract  were  directed. 

A  parallel  investigation  on  a  new  material  known  as 
Platinel  2  (reference  6)  was  authorized  by  the  terms  of  this 
contract.  This  material  had  been  developed  to  the  point  that 
it  showed  interesting  properties  with  respect  to  gas  turbine 
measurement  requirements,  warranting  further  investigation  to 
meet  the  goals  of  the  coatract.  Some  work  in  adapting  this  ma¬ 
terial  to  existing  turbo-prop  engines  had  already  been  done  by 
the  Allison  Division  of  the  General  Motors  Corporation. 

The  investigative  work  was  sub-divided  into  four  tasks, 

Nos.  ],  2  and  3  of  which  comprise  all  of  the  metallurgical  and 
applied  research  perfomed  on  both  the  paliadium  vs.  platinum 
15%  iridium,  and  the  Platinel  2  thermocouple  materials.  Task 
No.  4  was  concerned  with  th-  fabrication  and  development  of 
techniques  for  inunufacture  of  the  items  of  test  hardware  re¬ 
quired  by  the  'erms  of  the  contract.  It  also  covered  those 
tests  which  were  performed  within  ttie  iabo''atory  of  the  instru- 
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ments  and  Systems  Section  prior  to  shipment  of  the  probes. 

The  evaluation  testing  consisted  of  initial  calibration, 
checks  for  response  time,  susceptibility  to  thermal-shock,  and 
insulation  resistance,  and  the  effects  of  fuel  contamination 
in  swaged  samples  were  also  checked. 

Testing  of  samples  hardware  was  started  at  the  Propulsion 
Laboratory  of  Aeronautical  Systems  Division,  Wright  Field.  The 
equipment  at  the  division  was  limited  to  continuous  operation 
at  2000°?.  Some  considerable  number  of  hours  of  thermal  shock 
cycling  time  were  accumulated  piior  to  malfunction  of  the  com¬ 
pressor  and  subsequent  burn-out  of  the  exhaust  stack.  All 
thermal  shock  cycling  tests  were  subsequently  performed  at  the 
laboratories  of  the  National  Bureau  of  Standards  in  Washington, 
D.  C..  Time  response  tests  were  likewise  performed  at  the 
National  Bureau  of  Standards. 

The  work  performed  by  the  Bureau  is  reported  in  ASD-TDR- 
62-835.  This  work  was  done  under  separate  contract  of  NBS 
with  ASD  under  Air  Force  Contract  No.  AF  33(616)  61-01.  Certain 
information,  especially  in  regard  to  thermal  response  time,  in¬ 
corporated  within  this  report,  has  been  taken  out  of  context 
from  the  NBS  report. 


A  parallel  applied  research  of  the  pallaaium  vs.  plat¬ 
inum  15/^  iridium  and  Platinel  2  thermocouple  materials  for  the 
purpose  of  meeting  certain  performance  goals  was  followed  dur¬ 
ing  the  early  stages  of  the  work.  The  Statement  of  Work  of 
the  contract  assumed  that  system  life  of  the  Pd  vs.  Ptl5Ir  couple 
was  the  result  of  "fatigue  failures  of  the  junction",  and  au¬ 
thorized  intensive  investigations  to  meet  the  performance  goals 
through  improved  design,  materials,  processes,  and  techniques. 

The  performance  goals  included: 

1.  Steady  state  temperature  range  0-2300°?. 

2.  Maximum  transient  temperature  limit  -  2500°F. 

3.  A  maximum  spread  in  emf  output  of  all  thermocouples 
delivered  on  this  procurement  not  exceeding  ±0.5^ 
of  the  mean  calibration  curve. 

4.  A  constancy  of  calibration  within  ±0.b^  after  ex¬ 
posure  to  thermal  shock  cycles  from  80°F  to  2000°F 
at  a  mass  flow  rate  of  13  lbs.  per  sq.  ft.  per 
second . 

5.  A  time  of  response  for  open  junction  thermocouples 
of  1.2  seconds  at  a  gas  flow  rate  of  6  lbs.  per  sq. 
ft.  per  second. 

6.  Insulation  resistance  of  at  least  100,000  ohms  under 
all  high  temperature  and  storage  conditions. 

The  following  four  tasks  were  undertaken  to  serve  as  a 
foundation  to  enable  meeting  the  performance  goals. 

Task  No.  1 


1.  (a) 

N'eiting  Point  Determination  of  Platinel  2  Alloys  1813  ano 
'503 

(b) 

Life  Testing  of  Platinel  2. 

(cl 

Resistivities  of  Individual  Legs  of  Platinel  /  Ther.tocouple. 

(d) 


Mechanical  P  rope:  ties  at  Higt;  Te'''pe  r  a  u  r  e. 


(e) 


Effect  of  Various  Temperatures  at  the  Junction  of  Platinel 
2  and  Chromei-Alumel  Leadwires  on  the  emf  Output  of  the 
Thermocouple . 

2.  Investigate  the  Ability  of  Platinel  2  to  Match  Chromei- 
Alumel  to  1500°?  (816°C) 

Task  No.  2 

1.  Manufacture  of  Palladium  vs.  Platinum  15^  Iridium  Wire. 

Task  No.  3 

1.  Investigate  the  Value  of  Use  of  Fibro  on  Reliability,  En¬ 
durance,  and  Accuracy  of  Calibration  Over  Life  in  the  Pal¬ 
ladium  vs.  Platinum  15/^  Iridium  Thermocouple  as  well  as  in 
Platinel  2. 

Fibro,  a  proprietary  process,  desci'ibed  in  Appendix  II 
was  developed  to  inhibit  grain  growth  in  pure  metals. 

U.  S.  Patent  No.  3,049,577  covering  this  process  has  been 
issued  to  Engelhard  Industries,  Inc.. 

The  two  major  areas  in  which  the  two  thermocouple  systems 
were  investigated  were  life  testing  and  determination  of 
mechanical  properties  at  high  temperature. 

Life  Testing 

A .  Platinel  2 

1.  At  600,  800,  1000,  1200  and  1300oc  for  about  1000 
hours. 

( a )  In  air 

(b)  In  hyarogen 

B .  Fibre  Platinel  2 

1.  At  1260OC  for  1080  hours 
( a )  In  air 

C .  Fibro  Pd  vs.  Ptl5%  Ir 


At  1260'JC  for  1080  hours 
( a )  In  air 


Mechanical  Properties  at  High  Temperature 


Hot  tensile  tests  and  stress-to-rupture  tests  at  800,  1000, 
and  12C0OC  were  performed  on: 

1.  1503 

2.  1813 

3.  Fibre  1503 

4.  Fibre  1813 

5.  Palladium 

6.  Fibre  palladium 

7.  Platinum-15515  iridium 

Task  No«  4 


This  phase  of  the  contract  covered  the  development  of  man¬ 
ufacturing  techniques  and  fabrication  of  all  hardware  de¬ 
livered  to  Aeronautical  Systems  Division  and  The  National 
Bureau  of  Standards.  Four  specific  probe  geometries  were 
proposed  and  investigated.  These  were: 

1.  A  stirrup-type  junction. 

2.  A  V-type  junction  having  wires  of  tapered  cross- 
section  . 

3.  A  beaded  V-type  junction. 

4.  A  coaxial  or  "pencil"  type  junction. 

All  but  the  last  type  of  construction  were  produced  in  pal¬ 
ladium  vs.  platinum  15%  iridium  as  well  as  Platinel  2;  Fibro 
couples  of  both  thermocouple  systems  were  fabricated  also. 
The  coaxial  thermocouple  was  manufactured  only  in  Platinel 
2,  the  positive  leg  being  in  the  tubular  sheath. 
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Summary  of  Results 


Thermal  cycling  tests  performed  at  the  National  Bureau  of 
Standards  with  a  single  burner  test  rig  burning  gasoline 
proved  the  inadequacy  of  Pd  vs.  Ptlb^Ir  to  withstand  the 
environment  for  any  appreciable  period  of  time.  In  7  sample 
probes  submitted  for  test,  wire  failures  in  the  bare  junction 
area  occurred  in  all  probes  during  the  early  stages  of  test¬ 
ing.  Almost  invariably,  the  failure  exhibited  itself  in  an 
"open"  in  the  palladium  element  at  any  point  between  the 
junction  and  ceramic  insulation.  This  break  was  always  ac¬ 
companied  by  pronounced  elongation  of  this  leg. 

Strong  indications  of  contamination  of  the  palladium  by  sulfur 
have  been  obtained  by  assay  analysis. 

The  use  of  Fibre  as  a  means  of  inhibiting  grain  growth  and 
increasing  the  rupture  strength  of  the  palladium  leg,  it  was 
hoped,  would  offer  a  solution  to  the  odd  behaviour  of  the 
pure  palladium  material  under  high  temperature  exposure  to 
combustion  gases.  Unfortunately,  no  improvement  in  perform¬ 
ance  was  shown  through  the  use  of  this  approach. 

The  palladium  vs.  platinum  Ibjii  iridium  couple  has  given  good 
indication  of  offering  satisfactory  service  to  ISOQoc  (2372°?) 
in  an  air  environment  under  controlled  laboratory  conditions. 
Stability  of  emf  output  over  long  period  of  life  is  shown  by 
the  data. 

The  ability  of  the  Platinel  2  alloys  1813  and  1503  to  serve  as 
a  high  temperature  thermocouple  to  at  least  1093°C  (2000°?)  in 
an  engine  environment  has  been  clearly  demonstrated.  Metal¬ 
lurgical  integrity  of  these  wires  in  the  bare  junction  area 
was  shown  by  thermal  cycling  tests  in  a  JP-4  fuel  and  air 
combustion  atmosphere  performed  in  a  single  burner  test  rig 
at  Wright  Patterson  Air  Force  Base.  At  no  time  during  similar 
tests  with  gasoline,  as  the  fuel  at  the  National  Bureau  of 
Standards,  were  there  any  junction  failures.  Internal  wire 
failures  within  the  packed  ceramic  insulation  were  noted  in 
samples  having  reduced  wire  cross-section  (.025  dia.  compared 
to  junction  wire  diameters  of  .040  and  .032).*  These  failures 
were  eliminated  when  wire  cross-section  was  increased  to  .032 
diameter  within  the  body  of  the  probe. 

The  employment  of  chromel  and  alumel  base  metal  thermocouple 
materials  as  compensating  leadwires  for  the  Platinel  2  thermo¬ 
couple  system  has  been  satisfactorily  demonstrated  at  noble- 
to-base  metal  junction  tempera  tures  to  850 oc. 


Reduction  of  w'  re  cross-section  was  effected  by  drawing,  swag¬ 
ing,  or  welding. 


6.  Melting  point  determinations  for  Platinel  2  alloys  1813  (+) 
and  1503  (-)  were  made.  The  useful  temperature  limit  of  the 
couple  is  controlled  by  the  negative  leg  which  has  a  solidus 
of  14260C  (25990F). 

7.  Electrical  resistivities  of  the  Pl?+inel  2  alloys  1813  and 
1503  were  individually  measured  at  temperatures  to  1200oc. 

The  value  for  the  1813  alloy  is  approximately  5051$  greater  at 
I2OO0C  than  that  of  the  1503. 

8.  Str ess-to-rupture  and  hot  tensile  test  data  for  the  various 
alloys  investigated  under  the  program  are  given  -  both  for 
the  regular  as  well  as  Fibre  wires.  Where  Fibro  platinum 
shows  marked  advantages  over  legular  wire,  little  advantage 
is  offered  by  the  fibrous  wire  structure  in  the  materials 
investigated,  and  then  only  in  the  pure  palladium  material 
at  temperatures  below  lOOOoQ.  No  advantage  in  its  use  inso¬ 
far  as  increasing  stress-to-rupture  or  hot  tensile  strength 
in  Platinel  2  is  offered.  The  ability  of  Fibro  to  inhibit 
grain  growth  during  thermal  shock  tests  has  not  been  inves¬ 
tigated  . 

9.  Four  basic  thermocouple  probe  geometries  were  studied  as  far 
as  response  time  and  thermal  shock  resistance  are  concerned. 
All  of  the  basic  constructions  were  satisfactory  from  a  re¬ 
sponse  time  standpoint,  the  target  being  1.2  seconds  for 
6351$  response}  high  thermal  dirfusivity  of  the  noble  metal 
couples  of  either  the  Pd  vs.  Ptl53$Ir  or  Platinel  2  variety 
affords  the  attainment  of  response  times  of  less  than  one 
second . 

10.  Experimental  tests  for  response  and  thermal  shock  resistance 
on  the  last  type  of  construction  studied  under  this  contract 
gave  interesting  results,  showing  a  high  order  of  structural 
rigidity  for  this  couple.  The  "pencil"  or  coaxial  construc¬ 
tion  responded  to  a  step  change  of  temperature  slightly 
slower  than  conventional  two-wire  couples.  Reduction  of  outer 
diameter  from  the  .080  inches  would  undoubtedly  improve  the 
response  time. 


DESCRIPTION  OF  TASKS 


Task  No.  1 


1  (a).  Melting  Point  of  Platinel  2  Alloys,  1503  and  1813 
A  .  Ob j  ec  t i ve 


To  determine  the  melting  points  of  Platinel  2  alloys  1503 
and  1813 . 

B .  Equipment 

The  furnace  used  in  making  the  melting  point  determinations 
Is  capable  of  reaching  2700oc  and  is  shown  in  Figure  1. 
Figure  2  shows  the  top  view  of  the  interior  (with  cover 
removed),  the  top  of  the  crucible,  and  the  Pt  vs.  PtlORh 
thermocouple.  The  heating  element  is  made  of  tungsten, 
and  this  made  it  necessary  that  all  heating  operations  be 
carried  out  in  an  inert  atmosphere. 

The  couple  was  calibrated  against  a  standard  couple  thal 
had  been  previously  calibrated  at  the  National  Bureau  of 
Standards.  Two  Rubicon  B  potentiometers  and  the  necessary 
galvanometers  were  used  in  the  calibration.  A  Honeywell 
Brown  Electronik  Recorder  was  used  to  plot  the  +ime-tem- 
perature  curves  from  which  the  liquidus  and  the  solidus 
emperatures  were  determined. 

C .  Experimental  Method 

The  original  plan  called  for  the  determin<3ti  on  of  the 
melting  points  by  the  wire  method.  However,  before  any 
work  was  started,  it  was  decided  to  utilize  a  more  ac¬ 
curate  method,  i.e.,  time-temperature  hecitinq  and  cooling 
curves . 

The  basic  principle  of  the  latter  method  is  that  the 
transition  of  a  metal  from  one  phyicai  state  to  another', 
i.e.,  from  solid  to  liquid,  brougiit.  about  by  heading  at 
constant  pressure,  is  occ'ompanied  by  an  absorption  of  hea  . 
at  the  temperature  where  such  a  transformation  occurs.  Cn 
the  other  hand,  when  going  from  one  physical  state  to 
another  by  cooling,  the  teeipera  tur  e  at,  which  the  phase 
transformation  rakes  place  is  accompanied  by  an  evolution 
of  heat.  The  explanation  for  tins  is  that  phases  which 
are  stable  at  high  t emper a rures  have  a  relatively  higher 
energy  content  than  those  stabi'-'-  a:,  lower  temperatures. 

The  transition  point  may  be  shown,  graphically  by  plot  lino 
the  temperature  rise  or  decrease  vs,  ♦'he  lime  of  heating, 
producing  what  is  known  as  a  t  ime  -  ‘  “mpe  r  a  *u  r  c-  heatinQ  or 
cooling  curve. 
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In  this  experiment  a  platinum  vs.  platinum  IC^  rhodium 
thermocouple  was  placed  in  the  crucible  containing  the 
alloy  to  be  tested  (see  Figure  2).  The  thermocouple  was 
carefully  positioned  so  that  any  temperature  readings 
would  be  indicative  of  the  metal  temperature  and  not  in¬ 
fluenced  by  the  wall  of  the  crucible.  The  position  of 
the  couple  was  calculated  and  this  position  was  governed 
by  the  volume  of  the  metal  after  melting.  The  crucible 
and  thermocouple  were  placed  in  the  furnace,  Figure  1, 
and  the  cover  was  put  into  place.  The  furnace  was  then 
evacuated  and  back  filled  with  argon.  After  this  was  ac¬ 
complished,  the  crucible  was  heated  until  the  alloy  melted. 
The  crucible  was  then  cooled  until  the  metal  was  completely 
solidified.  The  test  run  was  then  started.  Near  the 
melting  range,  and  just  before  it  was  reached,  the  crucible 
and  melt  were  heated  at  a  very  slow  (increasing)  rate. 

The  same  procedure  was  used  in  the  determination  of  the 
cooling  curve. 

Prior  to  use  and  immediately  after  use,  the  Pt  vs.  PtlORh 
thermocouple  was  calibrated  against  a  standard  couple. 

The  calibration  method  used  is  similar  to  that  described 
in  Reference  12.  See  Appendix  I  for  a  description  of 
the  method  and  Figure  3  and  Figure  4  for  the  equipment 
used  in  this  testing. 

Great  care  was  taken  in  the  setting  up  of  the  melting 
point  determinations.  Such  factors  as  the  wall  thickness 
of  the  crucible,  the  amount  of  metal  constituting  the 
charge,  and  the  rate  at  which  the  charge  and  the  crucible 
were  heated  or  cooled  were  all  taken  into  account.  Slow 
heating  and  cooling  rates  were  used  as  well  as  a  reasonably 
small  charge. 

D .  Results 

Platinel  1503  Liquidus  1447®C 

Solidus  14260C 

Platinel  1813  Liquidus  1608®C 

Solidus  1570OC 

Three  heating  and  cooling  "runs"  were  made  on  each  alloy. 
The  data  shown  here  are  based  on  a  weighted  average. 

1  (b^.  Life  Testing  of  Platinel  2 

A .  Ob j  ec  t Ive 

Three  Platinel  2  thermocouples,  each  from  a  different 
melt,  were  calibrated,  tested  at  600,  800,  1000,  1200  and 
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ON  COMMON  SCALE 


Figure  3.  Schematic  Arrangement  for  Two-i’otentiometer  Method 
for  Calibration  of  Thermocouples 


iJOOoc  in  air  and  commercial  hydrogen,  and  then  re-cal¬ 
ibrated  in  order  to  determine  the  effects  of  these  operat¬ 
ing  conditions  on  the  stability  of  the  Platinel  2  couple. 

B .  Equ ipmen  t 

A  Leeds  and  Northrop  No.  8690  Millivolt  Potentiometer  was 
used  to  make  the  daily  monitoring  checks  on  the  couples. 

The  furnace  was  a  platinum-wound  tube  furnace.  Figure  3 
is  a  schematic  of  the  calibration  equipment  ard  Figure  4 
is  a  photogr  iph  of  this  equipment. 

C .  Experimental  Method 

Fifteen  matched  couples  (.020"  dia.  wire)  were  calibrated 
from  400  to  1300°c  at  lOOoc.  intervals  using  a  calibration 
procedure  similar  to  that  described  in  Reference  12.  Cal¬ 
ibration  by  Comparison  Methods,  page  9.  See  Appendix  I 
for  a  description  of  the  method.  The  standard  thermocouple 
used  in  the  calibration  tests  had  been  previously  cali¬ 
brated  by  the  National  Bureau  of  Standards.  Sets  of  three 
couples,  each  from  a  different  melt,  were  placed  zl  vary¬ 
ing  depths  of  immersion  into  the  platinum -wound  tube 
furnace;  one  set  of  three  couples  was  used  to  measure  each 
of  the  <^ive  test  temperatures,  i.e.,  600,  800,  1000,  1200 
aid  ISOO^C.  The  atmosphere  was  stagnant,  air  or  free-flow- 
in^  hydrogen.  Daily  monitoring  checks  were  made  with  the 
potentiometer  to  determine  if  the  couples  were  stable. 

After  approximately  1000  hours,  the  tests  were  stopped  and 
the  couples  were  re-calibrated.  The  actual  times  are 
given  in  the  results. 

D .  Results 

1 .  Tests  in  Air 


The  results  of  the  life  testing  in  air  are  shown  below. 
These  values  are  the  aggregate  drift  from  maximum  pos¬ 
itive  to  maximum  negative  occurring  after  llOC  hours. 

Table  No.  1 


EMF  Drift  in  Microvolts  of  lb  Platinel  '2  ihermoccupies 
from  Three  Lots  Tested  in  Still  Air 


Calibration 
Tempera  ture 


"C 

1  300 

4  00 

-4  0  to 

-130 

bOO 

-10  ‘0 

- 1  7  0 

6  00 

-  6  0  ‘  0 

- 1  7  U, 

Aging  Temperature,  *^0 
12  00/  i'OOO 

Change  in  Microvolts 


140 

‘  0 

-20 

70  to 

- 1  0 

60 

;  0 

-110 

1!0  to 

90 

10 

t  i. 

- 1  b  O' 

i'  b  0  *‘0 

-  i  ]  0 

8  00 


>  0  f  0  -20 

140  to  -I  20 
100  *0  -BO 


bOO 


4 C  to  i 3 C 
9  0  ^0  :-  '9  0 
jO  to  ; 30 


MHi; 


f 


Table  No.  1  -  (Cont'd.) 


FMF  Drift,  in  Microvolts  of  15  Platinel  2  Thermocouples 
from  Three  Lots  "tested  in  '^till  Air 


Calibration  Aging  Temperature, 

Temperature  1200  1000 

°C  1300  Change  in  Microvolts  800  60C 


700 

50 

to 

-160 

50 

to 

-60 

140 

to 

-50 

210 

to 

-30 

60 

to 

80 

800 

80 

to 

-110 

90 

to 

-20 

100 

to 

-50 

120 

t  0 

-40 

-20 

to 

90 

900 

20 

to 

-eo 

0 

to 

-70 

70 

to 

-80 

120 

to 

-20 

-60 

to 

90 

1000 

50 

t  0 

-70 

10 

to 

-70 

70 

to 

-no 

370 

to 

-40 

-60 

to 

10 

1100 

40 

to 

-50 

0 

to 

-70 

30 

to 

-170 

10 

to 

-70 

-10 

to 

-40 

1200 

60 

to 

-10 

-20 

to 

-130 

0 

to 

-150 

-1C 

to 

-80 

70 

to 

-80 

2 •  Tests  in  Hydrogen 

Fifteen  Platinel  couples  were  tested  in  hydrogen  - 
three  at  each  of  the  following  temperatures;  600,  800, 
1000,  1200  and  1300®C.  Of  the  couples  tested  at  1300®C, 
one  failed  completely  after  216  hours,  the  second  after 
288  hours,  while  the  third  lasted  312  hours.  Spot 
checks  during  this  run  indicated  that  the  emf  was  stable. 

A  typical  analysis  of  the  hydrogen  gas  used  in  the  test 
is  as  follows; 


2  ppm  oxygen 
5  ppm  carbon  monoxide 
20  ppm  total  hydrocarbon  gas 

A  furnace  failure  during  the  hydrogen  testing  made  it 
necessary  to  remove  the  bundle  of  thermocouples,  and 
this  caused  failure  by  handling  of  one  couple  at  each 
of  600  and  i200<^C.  The  remaining  ten  couples  success¬ 
fully  completed  the  1000  hours  at  their  respective 
temperatures.  One  of  the  three  couples  "dwelling"  at 
lOOO'^C  was  removed  after  500  hours  to  be  re-calibrated 
and  replaced  to  complete  the  1000  hour  test.  The 
results  of  this  re-calibration  are  shown  in  Table  No. 


Table  No.  2 


Changes  in  Calibration  of  Platinol  2 
Couple  after  500  hours  at  lOOO^c  in 
an  Atmosphere  of  Commercial  Hydrogen 


Temp . 

OC 

Original  Calibration 
Millivolts 

MV  Comparison 
after  500  hours 

,.v 

400 

15.78 

15.63 

-150 

500 

20.34 

20.14 

-200 

600 

24.76 

24.68 

-80 

700 

29.25 

29.14 

-130 

800 

33.61 

33.46 

-150 

900 

37.74 

37.64 

-100 

1000 

4  1.69 

41.63 

-60 

1100 

45.47 

45.42 

-50 

1200 

49.06 

49.00 

-60 

Of  the  original  15  couples,  only  ten  were  re-calibrated 
ai  the  end  of  the  test  due  to  failure  for  the  reasons 
mentioned  earlier.  The  following  table  contains  the 
calibration  data  and  net  change  ; or  these  ten. 

Table  No.  3 


Changes  in  Calibration  of  Platinel  2  Couples  in  Microvolts 
After  1000  Hours  at  Various  Temperatures 
in  an  Atmosphere  of  Commercial  Hydrogen 


Calibration 

1 

2 

3 

4  5 

6 

7 

8 

9* 

10 

Temp . 

Aging 

Temp . 

Aging  Temp. 

Aging  Temp. 

Aging 

Temp. 

°C 

600OC 

800OC 

lOOOoc 

■It 

1200OC 

400 

-10 

*  40 

+  112 

-no  -46 

-50 

-10 

-10 

-10 

+  337 

500 

-40 

•r30 

+ 

80 

-70  -119 

0 

-40 

-20 

-70 

-491 

600 

+  50 

-10 

55 

-30  -125 

80 

-10 

-40 

50 

-540 

700 

^  20 

-50 

65 

-80  -146 

0 

+30 

-80 

-  140 

-433 

800 

-  30 

-^30 

•1“ 

63 

-100  -10 

-10 

-20 

-80 

-150 

-428 

900 

-no 

•^20 

70 

-130  t  4 

-90 

0 

-60 

-210 

-450 

1000 

-  90 

+  20 

-r 

75 

-120  +31 

-90 

-20 

-10 

-  160 

-445 

1100 

•v  90 

-^40 

49 

-130  +  9 

-90 

-10 

-90 

-170 

-453 

1200 

80 

40 

"T 

61 

-120  -11 

-80 

-40  - 

120 

^150 

-541 

*  Thermocouples  4 

and  9 

were  re 

-annealed 

before  re- 

calibration 

• 

At  this  point,  it  was  felt  that  additional  tests  in 
hydrogen  at  1200oc  and  ISOO^C  were  warranted.  How¬ 
ever,  the  two  additional  tests  at  1300°C  failed;  one 
at  the  end  of  360  hours  and  the  other  at  the  end  of 
431  hours.  Of  the  2  additional  couples  aged  at  IPOQoc, 
one  failed  after  508  hours;  the  second  was  re-cal¬ 
ibrated  at  this  time,  and  the  results  are  shown  i n 
Table  No.  4.  This  latter  couple  was  again  introduced 
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into  the  furnace  at  ]200'»C  and  aging  continued  in 
hydrogen.  Tt  ultimately  failed  after  a  total  of  892 
hours. 

'^able  Mo.  4 

Changes  in  Calibration  of  a  Platinel  2 
Couple  After  508  Hours  at  1200oc  in 
an  Atmosphere  of  C ommerc ial  Hydrogen 


Re-Calibration 

T  emp . ,  “C 

Initial 

Calibration, 

MV 

Calibration 
at  508  Hrs . , 

MV 

Drift, 

V 

400 

15.85 

15.49 

-360 

500 

20.36 

20.03 

-330 

600 

24.88 

24.56 

-320 

700 

29.33 

29.11 

-220 

800 

33.70 

33.51 

-190 

900 

37.83 

3/. 65 

-180 

1000 

41.77 

41.70 

-70 

1100 

45.56 

45.48 

-80 

1200 

49.14 

49.12 

-20 

1300 

52.47 

52.49 

+  20 

E.  Interpretation  of  Results 

1.  Tests 

in  Hydrogen  at  1200®C 

and  1300OC 

All  five  couples  tested  at  1300oc  failed  before  the 
completion  of  the  tests.  The  times  for  failure  are 
216,  288,  312,  360  and  431  hours.  It  appears,  on  the 
basis  of  five  tests,  that  the  life  of  Platinel  2  for 
continuous  use,  in  an  atmosphere  of  free-flowing 
hydrogen  at  ISOO^C,  is,  for  most  cases,  somewhere 
between  200  and  400  hours. 

Of  the  four  couples  tested  at  1200<»C,  two  completed 
a  life  tesv  of  1000  hours;  these  results  were  re¬ 
ported  in  Table  No.  3.  The  two  remaining  couples 
each  failed  prematurely;  one  at  508  hours,  the  other 
at  892  hours. 

2 .  The  Method  of  Failure  of  Platinel  2  Thermocouples  Aged 
in  Commercial  Hydrogen  for  Long  Periods  of  Time 

In  every  instance  wherein  the  test  of  a  Platinel  2 
couple  was  not  purposely  terminated  at  the  end  of  an 
aging  period  of  1000  hours,  the  evidence  in  this  series 
of  runs  substantively  shows  several  coincident  facts 
regarding  the  method  of  failure.  Invariably,  it  is 
the  negative  (1503,  65  Au  -  35  Pd)  component  -  M.P. 
equals  l426oc  -  which  is  responsible  for  the  ultimate 


16 


failure  of  the  couple.  Below  the  aging  temperature 
of  lOOQoc,  none  of  the  test  couples  failea  within 
the  1000-hour  life  test,  as  occurred  at  the  1200 
and  1300OC  levels. 

Incipient  failure  is  caused  by  progressive  and  uniform 
volatilization  of  the  negative  component.  This  con¬ 
dition  is  shown  in  Figure  5  wherein  the  negative  com¬ 
ponent  is  to  the  right  and  has  been  reduced  to  ap¬ 
proximately  SOJIJ  of  its  original  20  i,  '  diameter. 

Beads  of  deposited  metal  are  in  ev*  \  ce  on  the  face 
of  the  insulator.  This  was  the  condition  of  a  Platinel 
2  couple  after  aoing  for  508  hours  at  1200oc  in  an  at¬ 
mosphere  of  commercial  hydrogen. 

Figure  6  is  a  photograph  of  the  same  couple  after  892 
hours  of  test,  and  shows  complete  failure}  the  positive 
component  -  to  the  left  -  has  undergone  negligible  re¬ 
duction  of  size. 

In  contrast  to  this  latter  couple,  Figure  7  represents 
a  Platinel  2  couple  aged  at  800®C  for  508  hours  in 
hydrogen.  Again  the  negative  element  -  to  the  right  - 
indicates  a  reduction  of  size  but  to  a  much  less  degree 
than  the  previous  couple.  In  this  case,  there  is  a 
complete  absence  of  metal  deposition. 

Figure  8  shows  an  enlarged  view  of  a  section  of  the 
negative  component  removed  from  within  the  insulator. 
Here  the  metal  deposition  has  been  restricted  by  the 
wall  of  the  insulator  bore  and  has  formed  a  veil-like 
protrusion  along  the  body  of  the  wire. 

Figure  8  also  indicates  the  method  by  which  the  neg¬ 
ative  component  ultimately  fails.  This  figure  shows 
six  contiguous  segments  joined  at  grain  boundaries  of 
reduced  sections. 

Prolonged  heating  of  this  wire  has  both  reduced  its 
diameter  and  has  lowered  the  melting  point  of  the  grain 
boundary  constituent.  The  ultimate  failure  is  caused 
by  intergranular  melting  while  the  wire  is  still  of 
substantial  size  {b0%  or  le»,s). 

Although  micro-examination  has  revealed  the  mechanism 
of  failure,  the  metallurgical  reasons  remain  unknown. 

Figure  9  represents  a  longitudinal  section  of  the  neg¬ 
ative  component  of  a  Platinel  2  couple  aged  at  1200oc 
for  approximately  900  hours  in  hydrogen.  The  upper 
end  of  the  photograph  represents  an  area  approximately 
1/8"  from  the  bead,  while  the  bottom  of  the  photograph 
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Figure  5 

View  Showing  Partial  Failure 
of  Beaded  Junction 

Negative  component,  of  Platinel 
2  thermoelement  -  lo  the  right 
reduced  b0%  after  aging  508  his 
in  hydrogen  at  120Coc. 

Mag.  IbX 


Figure  6 

Complete  failure  of  negative 
component  after  892  hrs  in 
hyd’-ocen  at  IJOGec, 


Figure  7.  Pl.itinel  Couple  After 
Aging  in  Hydrogen  at  8OO0C  for 
503  hrs. 


Mag.  15X 


8  .  N  e  g  a  t  i  V  t-  C  0  p  0  n  f  n  t  0  t  P 1  2 "  i  n 
Undergoing  incipient  Fiilure 


Figure  9 

Longitudinal  Section  of  Platinel  2 
Negative  Component 


Note  etch  pits  along  various  crystal¬ 
lographic  planes.  Aged  at  1200oC  for 
approximately  900  hours  in  hydrogen. 


Mag.  75X 


20 


Photomicrograph  of  Platinel  2 
Negative  Leg 


Figure  11 

Photomicrograph  of  Platinel  2 
Negative  Leg 


Figure  12 

Photomicrograph  of  Platinel  2 
Negative  Leg 


The  configuration  of  several  etch  pits  in  Platinel  2  negative 
component  associated  with  varying  crystallographic  planes. 
Aged  at  1?00°C  for  approximately  900  hours  in  hydrogen 


shows  an  area  l/2"  from  the  bead.  To  the  left  of  the 
section  are  the  remains  of  a  veil  and  volatilized  beads, 
previously  referred  to,  entrapped  by  the  insulator  wall. 
Inasmuch  as  there  have  been  queries  in  the  past  regard¬ 
ing  what  appears  to  be  a  second  phase  or  a  precipitate 
in  some  of  the  grains,  this  photomicrograph  is  included 
merely  to  dispel  such  reasoning. 

At  higher  magnification  (1500X)  it  becomes  evident  that 
what  appears  to  be  a  second  phase  is  in  reality  the 
etching  effect  on  different  crystallographic  planes. 
Figures  10,  11  and  12  illustrate  this  point. 

F.  Conclusions  and  Recommendations 


Calibration  results  of  Platinel  2  aged  in  commercial  hy¬ 
drogen  for  1000  hours  at  temperatures  up  to  1000°C  show 
good  stability  in  that  at  no  time  did  the  drift  exceed 
±3/43^  allowed  between  350  and  1260°C  for  base-metal  type 
thermocouple  material. 

However,  there  is  a  disparity  in  the  results  reported  for 
the  couples  aged  at  1200®C  in  that  of  two  similarly  aged 
couples,  one  endured  almost  twice  as  long  as  the  second 
(892  hours  vs.  508  hours). 

Also,  the  drift  in  one  of  the  couples  which  endured  the 
1000-hour  test  was  much  larger  than  the  other. 

Additional  tests  at  I2OO0C  in  hydrogen  appear  to  be  war¬ 
ranted. 

(c).  Resistivities  of  Individual  Legs  of  Platinel  2  Thermo¬ 
couple 

A .  Obj  ective 

Three  samples  each  of  three  different  melts  of  1503  and 
1813  were  tested  to  determine  the  average  resistivity  of 
each  leg  at  temperatures  from  0®  to  1200°C. 

B .  Equipment 

The  equipment  for  this  task  consisted  of  a  Honeywell  Muel¬ 
ler  Bridge,  Leeds  and  Northrop  No.  2285-B  galvanometer, 
Leeds  and  Northrup  galvanometer  scale,  Keithley  ISO-A 
microvolt-ammeter,  platinum  wound  muffle  furnace  (with 
platinum  ground  tube)  calibrated  Pt  vs.  PtlORh  thermo¬ 
couples,  and  a  Leeds  and  Northrup  No.  8690  portable  poten¬ 
tiometer.  A  voltage  stabilizer  and  a  powerstat  were  used 
to  heat  the  furnace  to  a  stable  temperature  which  was  then 
measured  with  the  potentiometer.  Figure  14  shows  he  test 
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set-up,  Figure  15  is  a  photograph  of  the  test  specimen,  and 
Figure  13  is  a  schematic  of  the  test  equipment. 

Experimental  Method 


Each  specimen  to  be  tested  was  non-inductively  wound  on  a 
pure  alumina  grooved  tube.  The  temperature  in  the  furnace 
was  first  measured  with  the  Pt  vs.  PtlORh  thermocouple  usino 
the  potentiometer,  and  then  the  resistance  was  measured  w '  1 
the  Mueller  Bridge. 

Due  to  the  sensitivity  of  the  instruments  used,  all  were 
grounded  to  a  common  post.  A  ground  shield  tube  around  the 
specimen  was  necessary  to  prevent  "pick-up"  due  to  induction 
from  the  furnace  windings.  A  transite  box  covered  the  fur¬ 
nace  to  prevent  the  temperature  from  changing  due  to  air 
circulation.  A  series  of  variable  resistors  was  used  to 
vary  the  current  to  the  specimen  and  the  Mueller  bridge. 

0.6  milliamps  were  used  to  inhibit  self-heating,  and  gave 
a  satisfactory  result.  The  specimen  was  0.005"  in  diam¬ 
eter  and  42  ±l/2"  long. 

Results 

Table  No.  5  gives  the  average  resistivity  values  vs.  tem¬ 
perature  rounded-off  to  the  nearest  ohm. 

Figure  16  contains  the  same  data  plotted  on  a  graph. 

Table  No.  5 

Average  Resistivities  of  Platinel  2 
(For  Each  Leg  Sample  From  Three  Different  Bars) 

Resistivity,  Ohms  per  Circular -MIL  Foot 


POTENTIO¬ 

METER 


MICRO 

VOLT 

AMME' 

- 

fER 

n 

L 

THERMOCOUPLE 


CERAMIC  PROTECTION 
TUBE 


AAAA— I 


MUELLER  BRIDGE 


Figure  13,  Schematic  of  Resistivity  Test  Equipment 


RESISTIVITY, 


FIGL'Ki:  16 

RESISTIVITY  OF  PLATINEL  2 


PLATINEL  181; 


NOTE;  EACH  VALUE  IS  THE 
AVERAGE  OF  THE  VALUES  FROM 
THREE  DIFFERENT  BARS. 

THE  VALUES  HAVE  BEEN  ROUNDED 
OFF  TO  THE  NEAREST  OHM. 

SEE  TABLE  No.  5 


PLATINEL  1503 


TEMPERATURE 


200 


12 


Table  No.  5  -  (Cont'd.) 


Temp . ,  °C 

60f 
65 
700 
75  0 
800 
85  0 
900 
950 
1000 
105  0 
1  100 
1  150 
1200 


Alloy  1813 

273 
279 
285 
291 
297 
303 
309 
315 
32  1 
327 
332 
337 
342 


Alloy  1503 

172 
175 
178 
181 
184 
187 
191 
195 
199 
203 
2  07 
211 
215 


E .  Interpretation  of  Results 

It  can  be  seen  from  Figure  16  that,  within  the  tem¬ 
perature  range  of  testing,  the  resistivity  of  Platlnel 
1813  is  higher  than  that  of  platinel  1503. 


1  (d).  Mechanical  Properties  at  High  Temperature 


A .  Objective 

To  perform  tensile  and  s tress-to-rupture  tests  on 
Chromel,  Alumel,  1503,  1813,  Fibre  1503,  Fibre  1813, 
Palladium,  Fibre  palladium  and  Piatinum-15%  Iridiun.  at 
800,  1000,  and  1200OC. 

B .  Equipment 

Eguipinent,  required  includes  tube  furnaces,  Dillon  Ten¬ 
sile  lest'ng  Machine  for  hot  tensile  tests,  constant 
voltage  t ''a  n  s  f  or  mer  s  to  insure  constant  temperature 
during  stress-to-rupture  tests,  and  a  Leeds  and  North¬ 
rop  Multi- point  Recorder. 

The  stress-  -rupture  testing  of  the  metals  and  alloys 
tested  in  t  iS  program  was  performed  on  equipment  shown 
in  schemati  drawing,  Figure  17.  Figure  18  is  a  photo- 
graphof  the  stress-to-rupture  furnaces.  The  hot  tensile 
lasting  was  conducted  in  a  manner  similar  to  that  for 
the  stress-to-rupture  tests  except  that  the  tension  in 
ih. e  wire  was  applied  by  a  Dillon  tensile  testing  machine. 
Figure  19  Is  a  photograph  of  this  equipment. 

C  .  Experimental  Method 


1 .  Hgt  Tensile  Testing 


The  accuracy  of  the  Dillon  tensile  tester  was  checked 
against  a  Baldwin-Southwark  tensile  tester  and  an 
Instron  tensile  tester;  in  either  case  the  error  was 
less  than  3%, 

The  wire  specimens  were  22"  in  length  and  0.050"  in 
diameter.  The  specimens  were  marked  with  ferric  chlo¬ 
ride  which  turns  black  when  it  is  heated,  and  this  color¬ 
ing  enabled  the  elongation  to  be  measured.  The  speci¬ 
mens  were  heated  for  five  minutes  and  then  extended  at 
a  rate  of  0.5"  per  minute  which  is  above  the  A.S.T.M. 
standard  of  0.2"  per  minute. 

2 .  3tress-to-Ruptur e  Testing 

The  specimens  were  annealed  while  they  were  at  0.100" 
diameter  and  then  worked  down  to  0.050"  diameter  with¬ 
out  further  annealing.  The  specimens  used  were  17"  in 
length  and  0.050"  in  diameter.  The  furnace  was  12" 
long  and  had  a  5"  uniform  heat  zone.  A  thermocouple 
to  the  center  of  the  furnace  gave  continuous  readings 
of  furnace  temperature.  When  the  specimen  failed,  the 
weight  hit  the  microswitch,  stopping  the  timer.  The 
specimen  fracture  had  to  occur  within  the  heat  zone  in 
order  for  the  test  to  be  valid,  i.e.,  tests  were  run 
until  at  least  three  fractures  occurred  within  the  heat 
zone. 

D.  Results 


Stress-to-rupture  testing  of  Chromel  and  Alumel  was  discon¬ 
tinued  after  some  tests  were  run  at  1200®C.  Data  obtained 
at  this  temperature  were  spotty  and  it  was  not  possible  to 
interpret  them.  Since  it  was  expected  that  the  problem 
would  be  more  difficult  at  the  lower  temperatures  and  that 
any  interpretation  which  would  be  made  would  not  be  valid, 
it  was  decided  not  to  test  at  the  lower  temperatures. 

The  following  data  are  for  Chromel. 


c'9 


Figure  17.  Schematic  of  Stress  to  Rupture  Equipment 


PiGURC  19.  OiLLON  Tensile  Testing  Machine 


3.> 


Table  No.  6 


Stress-to-Rupture  Test 
For  Chromel  P  Wire 

Load,  Grams 


Life,  Hours 


1200 

700 

Over  200 

1200 

1200 

Over  200 

1200 

1600 

Over  200 

1200 

2000 

2.4 

1200 

1800 

10.0 

1200 

1800 

9.5 

1200 

1800 

7.1 

1200 

1700 

Over  200 

1200 

1700 

Over  200 

1000 

2250 

80.7 

1000 

2250 

600 

1000 

2700 

59 

It  will  be  noted  that  at  the  lOOQoc  test  temperature, 
two  consecutive  samples  having  the  same  load  failed  at 
diverse  intervals.  A  definite  pattern  could  not  be 
determined.  The  problem  with  Alumel  was  quite  similar 

Str ess-to-rupture  testing  of  PtlS^Ir  was  conducted  at 
1000  and  1200oc  but  was  not  done  at  BOO^C  since  this 
material  is  beyond  the  capacity  of  the  test  equipment 
at  this  temperature. 

Figures  20  to  23  inclusive  illustrate  the  stress-to- 
rupture  results. 

Figures  24  to  29  inclusive  illustrate  the  hot  tensile 
results  for  the  nine  materials  tested. 

Interpretation  of  Results 


Preliminary  studies  of  the  stress-to-rupture  data  in¬ 
dicate  that  there  would  be  no  advantage  in  using  Fibro 
1813  or  Fibro  1503  instead  of  regular  Platinel  2  alloys 
A  comparison  of  the  two  sets  of  curves  shows  no  set 
pattern  or  trend.  In  the  case  of  the  1813  alloy,  there 
is  a  definite  loss  of  rupture  strength  at  the  higher 
temperatures  of  1000  and  120000,  whereas  in  the  1503 
alloy,  there  is  virtually  no  difference  in  stress-to- 
rupture  at  these  temperatures.  Contrary  to  the  results 
obtained  with  pure  platinum,  there  appears  to  be  no  sig 
nificant  gain  in  rupture  strength  in  Fibro  palladium 
over  regular  palladium  at  .1200oc.  At  800  and  lOOQoc, 
however,  some  worthwhile  advantages  may  be  noted. 
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_ JllaBBBaBaBBBaaBBaBBBlBlBaBBBBBBBBBBaBBBBBBBBBBBf: 

IBBBBBaBBaBBiBBBBBBaBBBaBBBBBBBBBBBBBBiaBBBBBBBBBBBBBBBBBBBW _ bhhb, 

IBBBBBBBBBBaBBBBBBaaBBBBBBBBaBBBBBBBaBBaBaB|BBBBBBBBBBB|BBBBBBBBBaBBBB 
IBBBBBBBfBBBBBBBBBaBBBBBBBBBBBBBBBBaBaBBBlBlBBBBBBBBBBBiBiBBBBaBBBaaiB 
IBaBaBBBiBBBaBBBBBBBBBBBaBBBBBBBBBiBBBBBBBBiBBBBBBBBBBBBBBBBBBBBBBalli 
|BBBBBBBBin9BBBaBaBBBaBBBBBBBBBBaiBBBBBBBaBBBBBBBBBBBiBBBBBBBaBBBB|iiii| 

sssK5sss8ass:::ssK8sas8K:»8s«::sss;88SKKsi^^ 

88888888888888888888888888888888iS8888888B!888S|888888U888S88^ 

|BBBBBBiilBBBBBBBBBBaBBBBBBBBBBaaBEiaBiBBiiBE|BiBi|B|BB|iiBaBiBi|ir 

{8S888:8888888888»88888888888a888888  !88888l888888888S8S888iil 

IBBBBiaBBfBBBaBBBlBBHBBBil - 

SEaaiitBiEBiaar —  —  - 

BBBaaa? - 


la^aBBBBBai 


g8S:s:SSSRimss:siii|isiiS!Hni  HiiiaBSigimggaiii 

MamgmaaBagagHgnaaMilmgHiHgaKaHgigiKgig^iH 

l■l■lla•«l^n■aa■■l■a!9a!ia■^EaaBliaEiaiaaaiEBBBBBBBBBBBBBBBaBBBBaBBBl 

B8888888888888888888888a888l 
_ ^ _ ^.BBiiaBBBBBaBEiifBEBBBBiBBBEl 

»8888S8888S8888888888888888S8888888888888888S88888888888L 

_ BiiBBBBBBBBiaBBBBaBBMatiiBliaBBiEBBBaBBaBBBBBBBaBBBBBBBBBBB; 

888888:88888888n8888888888888;»8S8888888888888888888888888888888888 

8888S8:8888888888888K8888888888e1888888888888888888888888888888888888 

888888888li888888888888888888888888?88B888888888888888888888»>»»»» 

||.BIiai9ill!i9ai!!&ia!!!!i---»--Sa^g-B.8.«....g.^ 

■■■aaaBBBBEBBagMaiiaBiiii! 


|BaBBBBto<Baiai 


BBl 


iBaBBBBBBBBBBBBaaaaBBBBBBBBaBI _ 

iBBBBBBBBBBBBBBaBBBBBBBBBBBBBaaaaBBI 


BBaBBBBlBBBBBBBBBBB^ 
_ ^_|BBBBagBBBBBBBBBBBBi 

_  ^BiBBiBBfiEBBBBBBBBBBEaBBBBaa 

aBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBaBBiBBBBIBkC^EBiEBBBBBBBBBBBBBBBBBiaaBB 
BBBBBBBBBBBBBaBBBBBBaaBaBBiaaaaEBBBEaBaBEB|Bh'gBB|iBBBBBBBi|BaiBBBBBBBB 

BBBBBBlBBRlBB|BBBBBBBBBBBlBBiaBBBBBBBBBiBiBBBBBBBBBBBBBBBBBBaBBBBBBiBB 

|BBBBBBBBBk:aaBEaBBaBaBBBBBBBBBBBEBBiBBBBBBBBBBiBBBBBBBBBBBBBaaBaBBBBBBB 

BBBBBBBaaaU'JBBBBaBgUiBBBaBaBBBBBBBBaaaaBBBBBBaBBBBBBBBaaBBBraaaBBBBBBBB 

nBBaBBBafiBBBBB|BBBBaBBaBBUBBaBBBBBBaBBBBBBBBBBBBBBBBEB|BBB||BBIB 
iaaaBBgHiaBBBBBBEBBBBBBBaEEEEBiaaBBEaaBBBBBBBBBaBBBBBBBBBBr - 


IbBbi 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 
aaaiaaaaaaaaaai  i:i,' Kiini:aKa  i;i:iaci  i:ak'iKPBiii:i.'ii:i:i;  Mill  i;  KBitu  i;  ni: 

BBBBBBBBBBBBBBBBBBBBBBBaBBBBaPaBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBi:i«i:BtiLrLi|car;'Min*l<BI.|ilM:BBBBBUBB 

BBBBBBBBBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBaBBBBBBBB 

BBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaaBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaaBBBBBBBBBBBBPli 

BBBBBBBBBBBBBBBBBBBaBBaBBBBBBBBBBBBBaBBBBBBBBBBBBBBB 

BBBBBBBBBBBaBBaBBBBBBaBBBBBaBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBaBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBB 

BBBBHBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBBBaBBBBBBBBBBaBBBaBBBBBBBaBBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BBaaBBBBBBBBBBBaBBBBBaBBaBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBaBBBBBeBBBBBBBBBBBBBBBBBBBBB - 

iBaBBBBBBBBBBBBBBBBBBBBBBBiiBBaBaBBBBBBBBBaBBBBBS^ _ 

PBBBBBBBBBBBBBBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
1BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBPPPP 
.JBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBB 
i!!!!i!BBBBB!BBIBBaBBBaaBBBBBBBBBBaBBBBBBBBBBBBBBBBB 

~IBBBBBBBBBBiBBBBaBBBBBBBBBBBBaBB 


BBBBBBaBBBBBBBBitf 
BBBBaBBBBBBBBBBM 
BiBBBBBBBBBBBBaaB 
BiBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBflB 
HbBlitirPBI.  tinrBBBBB 


BBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBB 


BBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBB 
BBBBBBI;  rrriTlirnflBBB 
SSSSSBBBbBBBBBBBB 
BBBBBBBBBBBBBBBBB 
PPPPPBr:iir7l!*RBBBBBP 
BBBBBBUbPWIlBBBBBB 
BBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBB 


BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBflBBBBBBBBaBaBBBBBaB 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBflBBBBBBBBBBBBBBaBBBaBBBBBBBBBBBBBBBBB 
IBBBBBBBrr.BaBBBBBBBBBBBBBBaBBBBBBPBBflBaBBflBBBBBBBBaB - 


BBBBBBBBBBBBBBBBB 

ii 


BBBBBBBaBBBBBBBBB 


aBBBBBBBBBBBBBBBB 
aaaBBBBBir 
BBailBBaiBBBBBBBB 
^BBBBBBBBBB 
BBBBBBBBBBBBBBBBB 
bbbbBbbbbbbbbbbbb 
^naaaaBBBaB 
IBBBBBBBBB 

_ iBBBaBBBBB 

BBBBaBBBaaBBBaaBB 


BBBBflflBBBaBBBBBaBflBBBBBBBBBi\lBBBBBBBaBBBBBBaaB«BaBBB 

nBBBBBABerBaBaBBBflBBflaaBBBBB.IBBBBBBBiBBBBBBBBBBBBBBP 


BBBBBBBlikiiBaBBBBBBflBBBBaBBBBBBBBBBBBBBBBaBBBBBBBBaBBBBBBBBBBBBaBBBBBl 
,_BBBBBBBBBliBBBBBBBBflBBaaBBBBBBBBaflBaBBBBBBBaBBBaaBaBBBBBBaBBBBaBBaBaB 

BBaBBaBaaBBBBaaBBaBBaBBaBBaBBaaBaaaaaaBaBBBBBBBBBBBB-  - 

laaBaaBaaBaaBBBBBaBBaBBaBBaaBaaaaaaaaaaaBBBBBBBBBBBB 
iBaBBaBaaBBaBaBBBaBBaBBaBBaaBaaBaaaaaaBaBBBBBBBBBBBB 
aBiaBBBaaBaaBBBBiaBBaBBaBBaaBaaBaaaaaaBaBBBaaBBBBBBB 

flBBBBBfiBSBBBBBBBBBBBflBBBBBBBBaaBBaaaBBBBBBBBBflBflBBBB 
BBBBBBBBBBBBBBaBBBBBBBBaBBBBBaBBaBBBBBBaBBBaBBBBBBBB 
BBBBBBBBrriBBBaBBBBBBBBBBk.IBBBaBBiBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBaaaBaBBBBBBBBUBBBBBBBBBaaaBBBBBBBBBaaaBB 
aBBBBBBBBBBBBaBBBaBBBBBBI.JaaBaBBBBBBBBBBBBBBaaaBBBBa 
BBBBBBBaBflBBBaaiBBBBaBBaBllLiaBBBBBBBBBBBBBBBBBBBaBBBB. 

BBSSBBPaBBBBBaSBBaBBBBBBBB.YBBBBBBBBBBBaBBBBBBBBBBBflaL 

BBBBBBMBBBBBBBBBBaBBBBBaBiniBBBBBBBBBaBBBBBBaBBaBBiaaBBBaaaBBBBBBBaaBa 
BBBBBaaiBBBBBBBaaBBBBBaBBBBaBaiaBBBaiBBBBBBBBBBBaBBBBBBBBBBaBBaaBaBBBBB 

IBBBBBBBBBBBBBBBBB 
IBBBBBBaBaBaBBBBBB 
BaBBBaBBBBBBBBBBB 
BBBBBBBaBBBBBBBBB 
BaBBBaBBBBaBBaBaB 
BBBBaBaBBaaBBBBaB 

BBBBBBaiBBBBBBBBB 
BBBBBBBiflBBBBBBaB 

SKSSBISSSSKSSSS 

aBBBBBBBBBBBBBBBB 
aaBBBBaBBBBBaaBBB 
BBBBBBBBBBBBBaaBB 

iiisiisiiisiisi! 

BBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBaaa 
BBBBBBBBBBBBBBBBB 
BBBBBaBBBBBBBaaBB 

ss:sss:sKsssss:s 

HSKSSHKSSSSSS 

BBBBBBBBBBBBBBBBB 
BBBBBBBaBBBBBBBBB 

KSiSSSISSSSKSSS 

BBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBB 

BBBBBBBBBBir - 

'aBBBBBBBaflBI. _ 

BBBBBIILItliBBBBBBBB 
BBBBBBBBBBaBBBBBB 
BBBBBBBBBBBBBBBBB 
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lillllBaBBaBaBBBBBBaaBBBBaBBB  II _ 

BBBiBBBBaBBBaBaBaaaBBBaBaBaa.lBBaBBBBBBBBBBBBBaaBBB 
BBBB«iBBBBaBaBBBBBaaBaaBaaBflk'BBBfBBBBBBBBBBBBiaBBB 
BBBitifliBBaBiBaBBBBBaBBBaaBBillBiiBBBBBBBBBBBBBBBBa 
BiBiKilBBaBiBBBBBBBBBaaBaBBailiaiBBBBBBBBBBBBaaBBBa 
BiBBKiiBiBBBBBBBBBBBBBBBBBaaikBBBBiiBBBBBaBBBBBBBB 
_  BBBBkieRiBBBaBBBBBBBBaBBBBBBiB.lBiaEBBBBBBBBaBaBBBa 
B  EBlikiiiliBaBBaBBBBBBaaBBBBBBBBBraBBBBBBBBBBBBBBBaBa 
n  i|i|pi|BiBaBBBBBaBBaaaBBBBBaBBBBBBBBBBBBBBBBBBBBBB 
ii|i|ili||iaBBBBBaaBBBaaBBBBaaBaB.1BBBBBBBBBBBBBBBBBB 
iiiiEPflii BBBBBBBBBBBBBBBBaaBaBBBB  BBBBBBBBBBBBBBBB  BB 
BkiiiBiBBBBBBBBBBBBBBBaBaBiiBB^aBBBBBBBBBBBBBaBB 

■8:88S»S8S88S8S88S8SSS8888|8|«888SS88S8S88SS 
8g88S8SS8888SH8888SS88888H|l2i588::88::8SS8:S 

,BiaiBBBBI|BaBBBBBBBBBBBBBBaBaBBBBBaaBBaBk.''BBBiBBBBaBB 

8H!8S8[{888S8S!r 

ilHaiSgiBiigiteiasasgaHa^giagasassi 

BBBBBBBBBBBBBBBIBBBBBBBBBBBBBBaBBBBaiBBBBBBBBBBBBBBB 

iBBiBBBBBBBBBBBBiBBBaBBBaBBBBBBBBBiBaaBiBBBBBBBaBBBBB 

KBBBBBBBBBBBBBBBBBBBBBBBBaBBBBIiaBBaBBBBBBBBaBBBaBB 
BBBBBBijBBBBBBBBBBBBBaBBaBBBiiiBBaaiBBBBBBBBBBBaaa 

liiEii  ' 


■!■■■! 

aiaBBi 


iBBBBBBBBBBB 


IBBBBBBBBBBBBBBBBBBBBBlIBBBBBBBiaBBBBBBaBBBaBaiBBBaBBBBBBBBBBBBa 
IBBBBBBBBBBBBgngBBBBBBBBBBBBBBBiBBaBBBBBBaBBBBBBBBBBBBBBBBBBBBBB 


iBBBBBBBBBBaBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBaiBBaBBBaBBaBBL _ , 

l■Ba■B■■BBBBBBBaBBBBBaaBaBBaBBBBBBBBBBBBBaBBBBaBBB2BBBBHBaBaBBBaBBaa^  I 

l■aa■■B■B8888888888888888888888888B888888888888888888888888888888888888| 

lBBBaBBBBBBBBBBBaBBBBaBBBiiBBBBiBBBBBBBBBBBBBBaaBBBiBBaBBaBB:I‘Trrn.a!1’aBBBBl 
laaBBBBBBBBBBBBBBBBBBBaBalBBBBBaBBaBBBaBBBBBBBBBESSSSSSSSSaBaaaBaBaaBBBl 
iBBBBaBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBaBBBaBBiBBBBBBBBBl 
iBaBBBBBBaBBBaBBBBBBBBBBBBBBBBiBBBBBBBBBiBBBBBBBBBBaaaaaaaaBaiaailBBBBBBl 
|BBBBBBBaBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBiBBBBBBBBBBBaBaBBBaBBaiiaaBBfigB| 

l8B88B8888BBBB8BBBBBBBBBaBBB8BBa888BB888B88888BBBBB8888B8888g8B8Bai 
iBBBBBBaBBBBBBBBaaBBaBBaBBBBBBBBBBBBBBBaaaBBBBBBBBBaBBBaaaBBiBBgBil 
IlgllgggBBBBBBaBBBBBBBBBBBBBaBBBBBBBBaBgBBBBBBaBBBBBBBBBBBBBBBBBBBI 

|galBalia8Bl8BBBBaBB88BBaB8B8BBB88BB88888BBBB8BBBBBaBBaa88BBBaBBaaBBBBB| 
iBBBiaaBBaaiaBBaBBBBaaBBBBBBBBBBBBBBBaaBBBaBaaBBBBBBBBaaBBaiBBBaaBBBBgr 
IBBIBBBBBBBBaaaiBBBaBBBBBiBBBBBBBBBBaBgBaBBBBBBBBaBiBBBBBBBBBii 
liaiBBBBBaaBBBaiBaBBfBBBBBBBBBBBBBBBBBiBBBBBBBBBBBBBBaBaaaBBBai . 

_ JBBBBBBBBBaaBBBBBiBBBBBBBBBBBBaBBBBBBaBBBBBBBBBBBaBBBaBBBBBBBaBl 

iBBBBBgBBaBIBBBBaaBBBaBBBiBBBBBBBBBiBaBBBBBBaBBBBBBBBaBBBBBBgBBBBaBBBBBl 
iBBBBBiBBBBBBBBBBBaBBBBBBBBBBBBBBBgiBBBBBBBBBaBBBBBBBaBBBBBBiBBBBgBBBBBl 
iBBBBBBBBaiiaBBBBBBBBBBBBBaBBBBBBBBiBBBBBBBBBBaaBaaBBaBBBBBBBBBBBBBBBBial 
IgBBgatBBaaaaBBBaBaBaBBBBaagaBBgaBaBBaaaaBBaBBBBBBBBBaaBBBBBBBfBBBBaBBBl 
liigEBSBaaBIBaBBBBBBBBBaBBaEBBBiBBBBBaBBBaaaBBBBBBBBBBBaBBBBBaiaBBaBBBBl 
iBiiBaBBaBBiBBaBaaaBBaBaaaaBBBaiBBBBaBBBBBBBBBBBBBBBBBBBBaBEaBiBaafEagBl 
l|BEBl>;BBaaiBBBaaBBaBBBBBBBBBBaBBBBBBaBBBBSBBBBBBBBBBaBBBBBBBBBaBBiBaEB| 
liBliiaBBaiBBBaBaBBaBBaBBBBBBaBBBaBBBBBaBBBBaiBBBBBBBBBBBBBBgaBBBBBaBBBl 
lEaEEisfBBBilBBaBaaaBBaBBaBBaBBBBBBBBaiBBBBBBBEBBBBBBBBBBBaBgiBaaiBBiBBal 
laBaBEaBBBilBBEBBBaBBaBBBBBBaBBBaBBBBEaBBBBaBBBBBBBBaBBBBBBEBBlBBBBiBBgl 
iBBBBBSlBBBBaBBBBaBaBBaBaBBBaBaBaaBBBaBBBBBBBaaBBBBBaBBBBBBBBBiEaaBBBBlil 
lBaaBa5»BBBIBBBaBBaaBBaBBBBBBBaaBBaiBBBBBBBBBBBBBBaBBBBBEBaEB|BBBBBBBEE| 
iBBBBBSIBBnniBBBBBaaBaBBBBBBBBBBaBBBEBEaBBBBBBBBBBBBBBBBBBBaBBlBBBBBBBBal 
— 'laariaaiiiBBBaaBBBBBaBaBBBaaBBaaBBaBaBBBaBBaBBBBBBBBaBBBaBaBBBBaaaBBBl 
laaBEBaaaBaaaBaaBaBBaaBaaaBaBaaBBBBBBaaBBBBBBaBaBBaaBBEBBEBaaaBBEaEBl 
iginBBaBiBaBaaaBBBaBBBaBaaBaBaaaBaaBaaBBgBBBBBBBBaaBBBaBaBBBBBBBBBr~ 

_ jEEaBaaBaBaaBaaBBBaBaaBaaBBaBaBBBBaaBaBBEaBBBBBBBBaBBBBBBBgaaBBBagi 

igaaBaniaaBaiBaaBBBBaBBaBaBBaaBBaBBBBgBBBBaBgBBBBBBBBaBaBBBaaaEBBBBBBBi 
liBBBBSaaEa ■BBBBaBBBBBBBBBBaiaBBBagBEBBBBBBEBaBBaBBBaBBBBBBBBBgaBggBBI 
IBBBiacaBBaiBBaBBBBBBBaaBBBBiBBBBBEaBaBBBBBBBBaBBaBBBBBBBBBBBBBiaiEBBi 
iBiBEa^aBBBiaBBBBBBaaaaaaBaBaBBBBaBBaBBBBBBBBBBBBBBaBBBBaBBBBBBBgBBBBl 
laEBBBTaBBBIBBaBaBaaaaaaBBaBaBBBaBBBBaBBBBBBBBBBBaBBBBaBBBiaBiaBfiBgBgl 
iBaaBartBBnniBBBBBBBBaBBBBaBaBBBaBBBBBBBaBaBBBBBBBBBBBBBBBBBBBBBBaaBBBi^, 
liajaBSBjMMIBBBBaaHaBaBBBaBBaBBBBBBBBBaBBBBBBBaaaBBBBBBBBaBBiaBBgBBBBil 

._j888a8888!SS8888SS8aS8S888S88888S8888888888888888888888S888B88888a8l 

aBgBBVBBaBaBBBBaBBaBiBBBaBBaBBBaBBBaBaBaBBgBBBBBBiBBBBBiBiBBBBBBBaglBBl 
BEEB*BBBilBBBaBaBaBaaaaBBaBBBBaaBBBBBBBBBiBBBBBBiBBBBBBgBBaBBBaaaBiiB| 
IBBBBBrBaBiiBaaaaaaaaaaaaaaaaaaaBaaBBBBBaBBBBBaaBBaBaBaaaBiBBBaaBBBBflBgJ 
iBBagB-aaBaiaaaaaaaaaBaaaaaaaaaaaBaBBBBBaaBaaBaaBBaBBBBaBgEiggBaaiBaEail 
iBBBBBrraaBaaaaaaaaaaaaaaaaaaagaaBBaaBaBBBaBaaBaBBaBaBBBBBiaiiBagBlBaiiEI 
laBaBBaaBaiiiaBaaaaaaaaaaaaaaaiaaaaaBaBBaBaaaaBaaaBaiHiiiiiiiiBBBBiBBEBr 

laBBBBBaBaaBaaaaaBaaaaaaaciaaaaaaaaBaBBBaaBaar - - 

iBBBaaiaBBB IBBBBBaBBBBiaBr  ^CaBBBBBBBBaBaiBBBBI 

'IBBBBBBBB BBBBaaBBBBBaBBBakL  ''<«BBBBaBBBBBBBBBI .  _  ^ _ _ _ 

IBBBBBaBBIBBaBBBBBaaBaBBaBBBhrmgBBBBBBBBBBBBBBBaBBBaaiaBBlaaaiBBBBBlfl 
.„JgiBBBgBBiaBBBBBBBBaBiBaBaBaaBk3^*aBBaBBBBiBBBBBBBBBiBBBaaEB|gBBBigiil 
lEaEEBBBEBBaBBBaaBBBaBaaiBBBBBBBBBa.'  vtorvalBBBaBBBBBBBgiBBaBBiaEBaBaiEiEI 
iBBBaBBBBBBIBBBBBBBBBaBaiBBaBBBBBBBaaaaS^CSBBaBaBBBBBBiBBBBBBBaafBBEfial 
laBBBBBBBBBIBBBBBaBBBBBBaBBBBBBBBBBBBBBBBakirr-riBBBBBBBiBBBBBBBBBiBBiliBl 
IgiliBBBBBBlBBBBBaBBBBEBBBaBaBBBBBBBBBBaaBBaBaJBBBaBaalBBBBaBBBlBiaBiial 
IBBEBBBBBaiVaBBBBEaaaBBBaBBaBBBBBaBBBaBBaaaBBBaaBaaBBaaiBaaMBBBBaiBBBEBl 
iBaBBgiBBBB.’IrfllBBaiBBaaBBBBBBBaBBBBaatTiTiiaBBBaBaBBBBBaaBBBBBBarV.T.'lBBaBBial 
laaBBEBBBBBaaaBBBEBBaBiBBaaBBaBBBBBaaaaaBBBBBBBBBBBBBBBBBBBBaaaaaaBBBBal 
laBBaBBBBBaBBBBBBBBaBBiBBBaaaBBBBBBBBaBBBaBBaBBBBaaaBBaBBBBBBBiaaaaBgr" 
iBBBIgBgBBBBBBBBBBBBIBBBBgSBBTrTrrfannraainBBaBBBBiBBaBBBBBEBglaaEiBEl.-. 

- "BEBBBBBBBBaBBBiaaBBiBBiKlilKllbaaUliiaBKaBBBBBaaaBBBBBBBaBBEBBBBglBBl 

IBBBBBBBBiBaBBBBBBBBaBBBBBaBaBBaBaBBBaaBBBBaaBgBBaBBBBEgBgaaaaEiial 
iBBBBaBBEBBBiBBBaBBaBBaiaBBBaBaaaaBBBaBBBBaaBBaBBaBBBaEBBaBaBgiEBl 
iBBaBBBaBaBBBBBBaBaaBaBEBBBBBBBBBBBBlBBBBaaBBB|BBBBa|BigBiBEBiigEI 
liBBaBgBBBBBBBBBBBBaBaBiaBaBaaBaBBBaEBBBBBBBaBEBaaBBBafiEBEBagiiial 
lEBBaBEBaBaBBBBaaBBBBaBEBBBBBBBaaBBaBBBBaBBBBBBBBBBBaBBBBaBBfiEEEal 

|8888|iH888888888888888U8888888888888888888888888888888888888»888888 

!8|8ii||888888888888888888888S888888888888888888888888!888iim^^ 

||8!q||88l88888888888888888888!888888H  _ 
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BBaBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBaaBBBBBBBBBBBBBBBBtl.lllilBil.liai  ^  I  SaiBBBB 
BBaBBBBBBBBBBBBBBBBBBBBBBaBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBaaBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBaiiiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBaBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBaaiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
aBBBBBBBaBBBBBBBBBBaBBBBBBBBiBBBBBBBBBBiBBBBBBBBBBBBBBBBBBBBBBBBBBBBa 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBaiBBBBBBaBBBBBBBBBBaBBBBBBBBBBB 
BBBBBBBaBBaBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBaBBBBaBBBBBBBBBBBBBBBBBB 
BBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBaBaBaBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBa 
BBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBB'^^BBBBBBBBBaBBBBBBBBBBaBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
■■■■■■■:i<^IBBBBBBBBaBBBBBBBaBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BaBBBaBaBBBBBBBBaBBBBBBBBaBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBa 
aBBBaBaBBBaBaBBaBaaBBBBBBaBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BaaBBBBaaaBBBBaBBBBBBaBBaBBBBBBBBBBBBBBBBBBBBiaBBBBBBBBBBBBBBBBBBBBBB 
BaaaaBBBaiBBBBBaaBaBBBBB^BBBaBBBBBBBBBBBBBBBBBBBBBBBBBaBaBBBBBaBBBBBB 
aaBaBBBBaBaBaaaaBaBBBBBB.IBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBaBBBBBBSflBBBBB 
!!!!!!!!!  ■■iifaaHaaBBn^aaaaaMMBMBBHaaBBaaaaaBaaaaBaBBBBBBBBBBBB 

- 'laiBBBBBB.^BBBBBBBBaBaaBBBBBBBBBBBBBBBBBaaBaBBBBBBBBa 

iBBaBaB^Bk'iiiiiiiaBBaaaaaaaaaieaaiBiBBBBBaBBiaBBBBaa 


BBaBBBBBB  aaBBai 


KS! 


iBBaBBBaBaBBaBBaaBBBBBaaik't _ 

- JBBaBBB  aBaaaaaaaBBBaaaBBBlBBBBBBBBBBBBaBBBBBaBBBBBBBBBBI 
aaaBBBaBBBBBaBaBaaaflaaBBBBBi'BBBBaBaaaaBBaaBBBBBaBBBBBBBaBiaBBaB' 

aaaaaaaBa aaBBBBBBaBBBBBaaBBaiaBBBBBBBBaBBBBBBBBBBBaaBBBBBiBBBBB _ , 

aaaaaaBaa aBaBBaBaaBBBaaBBBaBklBBBBBaBBaBBBBBBBBBBBBBaaBBBBBBBBBBBaBBaB 
aaaaaaaBa aBBBaaBaaaaaaaBaBBaaBBBBBBaaBBBaBBBBBBBBBBaaBBBBBaaBBBBaBBBB 
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RE  30.  Test  Setup 


A  study  of  the  hot  tensile  test  data  from  a  thermocouple 
design  viewpoint  is  interesting.  A  comparison  of  the 
relative  strengths  of  the  legs  of  the  Pd.  vs.  Ptl5%Ir 
couple  at  lOOQoc,  for  example,  reveals  a  tensile 
strength  of  4000  psi  for  regular  grade  palladium  as 
against  33.000  psi  for  the  Ptl53^Ir  wire.  Fibre  palladium 
at  the  same  temperature  has  approximately  25%  greater 
strength  or  5000  psi..  Relative  strengths  of  Platinel 
2  legs  at  the  same  temperature  show  values  of  13,500 
psi  for  alloy  1813  and  8300  psi  for  alloy  1503.  There 
is  no  gain  in  tensile  strength  offered  by  the  Fibro 
process  in  these  materials  at  the  lOOO^C  temperature. 

1  (e).  Effect  of  Various  Temperatures  at  the  Cold  Junction 
of  Chromel-Alumel  and  Platinel  2  Lead  Wire  on  the 
EMF  Output  of  the  Thermocouple 

A .  Ob.jective 

The  objective  was  to  determine  the  effect  of  varying 
temperatures  at  the  junction  of  noble  to  base  metals 
on  the  emf  generated  by  a  Platinel  2  thermocouple  using 
Chromel-Alumel  lead  wire. 

B .  Equ ipmen  t 

Equipment  used  included  two  resistance  wire  tube  fur¬ 
naces,  a  mu  1 1 i -pos i t i on  thermocouple  switch,  a  portable 
potentiometer,  and  two  Variacs,  Figure  30  is  a  photo¬ 
graph  of  the  test  set-up. 

C .  Experimental  Method 

The  hot  junction  of  the  test  couple  was  in  one  furnace 
while  the  cold  junction  was  in  another  furnace.  With 
the  hot  junction  held  constant  at  1200oc,  the  lead-wire 
junction  temperature  was  varied  from  0®  to  850oc  at  50° 
intervals.  At  each  temperature  setting  of  the  lead-wire 
junction  above  Ooc,  three  thermocouple  readings  were 
taken;  namely,  (1)  the  temperature  of  the  furnace  of  the 
hot  junction,  (2)  the  temperature  of  the  furnace  at  the 
lead-wire  junction,  and  (3)  the  emf  of  the  test  couple. 
Cold  junction  correction  data  were  then  determined. 

Only  one  couple  wac  tested. 

To  insure  a  good  degree  of  accuracy  in  reading  the  tem¬ 
perature  of  the  system,  the  Platinel  2  bead  was  placed 
in  a  platinum  junction  block.  Into  the  same  block  two 
Pt.  vs.  Ptl0%Rh  couples  were  inserted;  one  couple  con¬ 
trolled  the  furnace  temperature  at  1200°C,  while  the 
other  was  used  in  conjunction  with  a  potentiometer  to 
insure  a  temperature  of  1200oc  (control  couple).  The 
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lead-wire  juTCtion  was  located  in  a  second  furnace  ad¬ 
jacent  to  a  Pt.  vs.  PtlOj^Rh  couple.  The  temperature 
of  the  lead  wire  Platinel  2  junction  was  varied  from 
0  to  850OC  in  50oc  increments- 

D.  Results 

See  Table  No.  7  and  the  deviation  curve  for  the  results 
of  this  phase. 

Table  No.  7 

EMF  vs.  Temperature  Table  for  Platinel  2  - 
Chrome 1-A lumel  Lead  Wire  System 

Hot  Junctions  1200oc  Reference  Junction  O^C 

%  Error 

Couple  -  Lead  Wire  Junction  EMF  of  System  Due  to  Cr-Al 


Temp.,  oc 

MV 

amv  * 

Lead  Wire 

0 

49.02 

0.02 

0.04 

50 

49.24 

0.24 

0.49 

100 

49.26 

0.26 

0.53 

150 

49.40 

0.40 

0.82 

200 

49.70 

0.70 

1.43 

250 

49.70 

0.70 

1.43 

300 

49.56 

0.56 

1.16 

350 

49.48 

0.48 

0.98 

400 

49.40 

0.40 

0.82 

450 

49.32 

0.32 

0.65 

500 

49.20 

0.20 

0.40 

550 

49.03 

0.03 

0.06 

600 

48.90 

-0.10 

-0.21 

650 

48.66 

-0.34 

-0.70 

700 

48.66 

-0.34 

-0.70 

750 

48.62 

-0.38 

-0.'. 

800 

48.52 

-0.48 

-0.9b 

850 

48.32 

-0.68 

-1.55 

*  Based 

on 

an  EMF 

of  49.00 

at  1200OC 

Interpretation 

of 

Results 

The  results  show 

that  the 

use  of  1 

Chromel-Alumel  as  lead 

wire  with  Platinel  2  is  practical 

error  which 

is  introduced  by  using  Chronel-Aiumei  is  of  low  order. 
For  example,  with  a  lead  wire  junction  temperature  of 
600  to  700OC,  which  would  be  representative  of  actual 
aircraft  thermocouple  probe  conditions,  the  deviation 
observed  was  betvjeen  -0.21  to  -0.70  per  cent. 
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The  figures  in  the  column  headedAMV  are  of  interest 
in  that  when  plotted  against  temperatures,  as  shown  in 
the  graph,  the  resultant  plot  has  the  general  charac¬ 
teristics  of  a  plot  which  relates  the  emf  of  Chromel- 
Alumel  minus  the  emf  of  Platinel  2  for  varying  tem¬ 
peratures. 

Considering  theAE  Curve  of  Cr/Al  minus  Platinel  as 
determined  by  NBS,  there  is  a  steady  increase  in  the 
AE  differential  which  reaches  a  maximum  positive 
value  of  1033  microvolts  at  200oc,  then  decreases  stead¬ 
ily  finally  turning  negative. 

The  greatest  deviation  has  always  been  found  to  exist 
between  150  and  300°C. 

Investigate  the  Ability  of  Platinel  2  to  Match  Chromel- 
Alumel  tc  ISOO^F  (816oc) 

Objective 

To  test  samples  from  nine  melts  of  Platinel  2  to  see  how 
closely  the  emf  vs.  temperature  curves  will  match  that 
of  Chromel-Alumel . 

Equipment 

Equipment  required  for  the  testing  included  an  Engelhard 
platinum  wire  wound  alumina  tube  furnace.  West  furnace 
temperature  controller,  reference  junction  ice  bath,  two 
Leeds  and  Northrup  K-3  Potentiometers,  two  Leeds  and 
Northrup  2285A  Galvanometers,  two  standard  Leeds  and 
Northrup  Lamps  and  Scale,  a  platinum  vs.  platinum  lOji 
rhodium  furnace  control  couple,  nine  Platinel  2  test 
couples  (assembled  from  nine  separate  melts  of  each  leg), 
three  NBS  reference  couples,  Fisher  Isotemp  Oil  Bath, 
Heraeus  Platinum  Resistance  Thermometer,  and  Degussit 
Twin  Bore  Alumina  (Minimum  AI2  0^  99.5^)  insulators. 

Experimental  Method 

The  calibration  procedure  used  is  similar  to  that  de¬ 
scribed  in  Reference  12,  Calibration  by  Comparison  Meth¬ 
ods,  page  9.  The  emf  readings  were  taken  at  50oc  in¬ 
tervals  from  O^C  to  1300®C.  See  also  Appendix  I  of  this 
report. 


Prior  to  calibration,  each  leg  of  the  nine  sets  of 
Platinel  2  couples  was  annealed  electrically  at  1200oc 
for  15  minutes.  In  order  to  eliminate  any  possible  con¬ 
tamination  from  the  binding  posts  in  the  strand  annealing 


rig,  the  annealed  wire  was  cut  back  approximately  1  l/2" 
from  each  end.  Great  care  was  exercised  in  the  assembly 
of  each  thermocouple  to  minimize  any  straining  of  the 
wire.  Two  bore,  high  purity  Degussit  Al-23  insulators 
were  used.  The  bead  of  the  test  couple  (made  wiih  an 
oxy-hydrogen  torch)  was  brought  into  close  contact  with 
the  bead  of  the  reference  couple  by  wrapping  both  beads 
together  with  platinum  foil.  The  two  insulator  tubes 
were  then  tied  together  with  platinum  wire.  This  system 
was  then  inserted  about  10"  into  the  furnace,  with  im¬ 
mersion  in  the  zone  of  uniform  temperature  of  approxi¬ 
mately  6".  The  effects  of  conduction  along  the  wires 
and  tubes  were, practically  non-existent.  The  ends  of 
the  furnace  tube  were  plugged  to  avoid  the  effects  of 
drafts  in  the  room.  The  thermocouple  reference  junction 
was  at  Qoc  in  the  ice  bath. 

With  the  exception  of  the  readings  at  SQoc  and  lOOoc 
which  were  made  in  the  oil  bath,  all  other  determinations 
were  made  in  the  platinum  wound  furnace  at  SQoC  inter¬ 
vals  to  1300OC. 

D .  Results 


The  data  obtained  from  the  testing  of  the  nine  couples, 
along  with  previously  obtained  data,  were  used  to  draw 
up  an  adjusted  emf  vs.  temperature  table.  Table  No,  8 
is  the  raw  experimental  data  and  Table  No.  9  is  the  ad¬ 
justed  emf  vs,  temperature  tabulation.  The  proposed 
production  tolerance  may  be  seen  in  Table  No.  10. 

E .  Interpretation  of  Results 

The  raw  experimental  data  obtained  in  these  tests.  Table 
No.  8,  were  evaluated,  and  an  emf  vs.  temperature  was 
prepared.  Table  No.  9.  A  close  examination  of  the  ex¬ 
perimental  data  will  show  that  the  400°C  point  of  Couple 
No.  1,  the  bOO^C  point  of  Couple  No.  2,  and  the  1200”C 
point  of  Couple  No.  b  were  slightly  out  of  the  tolerances 
shown  in  Table  No.  10.  After  further  evaluation  of  the 
experimental  data,  it  was  concluded  that  these  three 
isolated  points  were  in  experimental  error  and  should  be 
adjusted. 

F.  Recommendations  and  Conclusions 


The  results  of  the  tests  performed  under  this  phase  in¬ 
dicate  that  Platinel  2  couples  can  be  manufactured  to 
produce  the  fcMFs  shown  in  Tat’-^  No.  9  within  the  toler¬ 
ance  limits  shown  in  Fable  Ni.  10.  The  results  of  many 
more  melts  tend  to  confirm  thee  the  tolerance  can  be  met 
with  ease . 
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Table  No.  9 

Temperature  -  EMF  Relation 

f  Or 

Platinel  1503  vs.  Platinel  1813 
(Reference  Junction  O^C) 

MILLIVOLTS 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0 

.31 

.63 

.94 

1.26 

1.58 

1.92 

2.26 

2.61 

2.96 

3.31 

3.67 

4.04 

4.41 

4.78 

5.15 

5.55 

5.95 

6.35 

6.75 

7.15 

7.56 

7.97 

8.38 

8.80 

9.22 

9.64 

10.06 

10.48 

10.90 

11.32 

11.75 

12.18 

12.61 

13.04 

13.48 

13.92 

14.36 

14.80 

15.25 

15.70 

16.15 

16.60 

17.05 

17.50 

17.95 

18.40 

18.85 

19.30 

19.75 

20.20 

20.65 

21.10 

21.55 

22.00 

22.45 

22.90 

23.35 

23.80 

24.25 

24.70 

25.15 

25.60 

26.05 

26.49 

26.94 

27.38 

27.82 

28.26 

28.70 

29.15 

29.59 

30.03 

30.47 

30.91 

31.35 

31.78 

32.21 

32.64 

33.07 

33.50 

33.91 

34.32 

34.73 

35.14 

35.56 

35.97 

36.38 

36.79 

37.20 

37.61 

3G.02 

38.43 

38.84 

39.25 

39.66 

40.06 

40.46 

40.86 

41.25 

41.65 

42.03 

42.41 

42.79 

43.17 

43.55 

43.92 

44.29 

44.66 

45.03 

45.40 

45.76 

46.12 

46.48 

46.84 

47.20 

47.56 

47.92 

48.28 

48.64 

49.00 

52.30 

49.34 

49.67 

50.00 

50.33 

50.67 

51.00 

51.32 

51.64 

51.97 

Table  No.  10 


Proposed  Production  Tolerances 
Platinel  1503  vs.  Platinel  1813 


Temperature,  °C  EMF  (millivolts)  Tolerance  (millivolts) 


400 

15.70 

±0.10 

500 

20.20 

±0.10 

600 

24.70 

±0.10 

700 

29.15 

±0.15 

800 

33.50 

±0.20 

900 

37.61 

±0.20 

1000 

41.65 

±0.20 

1100 

45.40 

±0.20 

1200 

49.00 

±0.20 

1300 

52.30 

±0.20 

I 


Task  No.  2 


Manufacture  of  Palladium  vs.  Platinum-15^  Iridium  Wire 
Objective 


The  objective  of  this  task  «as  to  manufacture,  i.e.,  melt, 
work  and  calibrate  approximately  250  feet  of  thermocouple 
grade  palladium  wire  and  an  equal  amount  of  thermocouple 
grade  platin’Jm-159^  iridium  wire. 

Equ i pment 

An  induction  furnace  controlled  by  a  radiation  pyrometer 
was  used  for  melting.  The  wire  was  fabricated  using  swag¬ 
ing  and  wire  drawing  equipment.  All  calibration  of  thermo¬ 
couples  was  done  on  equipment  described  in  Appendix  I.  An 
NBS  calibrated  platinum  vs.  pi  a  t  i  num- 1  0''^  rhodium  couple  was 
used  as  the  temperature  standard.  The  thermoelement  tests 
were  all  made  against  a  piece  of  platinum  wire  which  had 
been  previously  compared  by  NBS  to  NBS  Pt27. 

Experimental  Method 

The  work  under  this  task  consisted  mainly  in  the  manufacture 
and  calibration  of  palladium  vs.  platinum-15'^  iridium  coup¬ 
les  and  the  comparison  testing  of  each  thermoelement  vs. 

Pt27 . 

The  palladium  metal  and  the  platinum-15^  iridium  alloy  were 
melted  in  an  Ajax  Induction  Furnace.  Metals  of  the  highest 
purity  were  used.  After  casting,  the  bars  were  worked  down 
to  the  desired  wire  sizes  by  swaging  and  wire  drawing. 

Care  was  exercised  throughout  the  processing  of  these  ma¬ 
terials  to  insure  that  the  materials  were  no*^  con  tamina  ted . 

All  calibrations  of  thermocouples  were  performed  by  the 
Comparison  Method  described  in  Appendix  I. 

R  esu 1 ts 


The  first  attempts  to  produce  a  palladium  vs.  platir.un- 
i^%  iridium  couple  were  made  with  commercial  palladiurr  and 
commercial  p  1  a  t  i  num- 1 51^  iridium  wire.  A  target  tolerance 
of  ±3/4%  to  the  NBS'  tables.  Reference  26,  was  set.  Al¬ 
though  the  match  that  v<as  obtained  with  ti.is  inaterial  was 
reasonably  close  to  the  standard  tables,  it  was  decided 
to  prepare  a  new  palladiurr  bar  as  well  as  a  new  piaMnu”- 
Ipjo  iridium  bar.  The  best  available  platinum,  Iridiun. 
and  palladium  were  used.  The  usual  care  that  is  t^ken 
the  processing  of  thermocouple  n.aceriais  was  exercised  on 
these  two  bars.  The  finished  wire  was  selected  for  use  in 
the  fabrication  of  the  test  probes. 


The  emf  vs.  temperature  data  for  test  palladium  vs.  plat¬ 
inum-1556  iridium  thermocouples  are  shown  in  Table  No.  11. 
Data  obtained  from  tests  on  two  Engelhard  Industries 
couples  are  shown  in  Columns  1  and  2.  The  NBS  data  were 
obtained  from  Reference  26. 

The  emf  of  the  thermoelement  palladium  vs.  Pt27  was  de¬ 
termined  on  the  Engelhard  Industries  palladium. 

2  6 

This  data  plus  the  results  obtained  by  NBS  (P.D.  Freeze 
et  al)  are  shown  in  Table  No.  12. 

Table  No.  11 

Palladium  vs.  Platinum  1556  Iridium  Thermocouples 
EMF  in  Absolute  MV  Temperature  in  °C  Reference  Junction  O^C 


1 

2 

3 

Engelhard 

Engelhard 

T  emp . 

.040"  Dia. 

.025"  Dia. 

N.B.S.* 

400 

9.368 

9.359 

9.419 

500 

12.244 

12.236 

12.317 

600 

15.356 

15.323 

15.443 

700 

18.692 

18.647 

18.793 

800 

22.243 

22.186 

22.364 

900 

26.002 

25.924 

26.145 

1000 

29.957 

29.871 

30.123 

1100 

34.071 

33.987 

34.266 

1200 

38.339 

38.328 

38.539 

*  Reference  26 


Table  No.  12 


EMF,  Palladium  vs.  Platinum  (NBS  Pt27) 
EMF  Millivolts,  Reference  Junction  Qoc 


Temp.  °C 


400 

500 

600 

700 

800 

900 

1000 

1100 

1200 


Engelhard 


-2.761 

-3.759 

-4.940 

-6.309 

-7.871 

-9.597 

-11.488 

-13.522 

-15.689 


N.B.S. 


-2.753 


-4.931 


-7.865 


-11.489 


-15.689 


E .  Interpretation  of  Results 


The  palladium  vs.  platinum-15^  iridium  thermocouple  ma¬ 
terials  that  were  finally  prepared  and  accepted  for  use 
in  this  research  program  were  well  within  ±0.75%  of  the 
mean  calibration  curve  established  by  NBS  for  this  couple. 

NBS  data  were  used  as  a  standard  for  all  work  on  this  phase 
of  the  program. 

Tests  indicated  that  the  surface  of  the  palladium  leg  may 
become  contaminated  during  working.  Acid  cleaning  steps 
usually  employed  with  thermocouple  platinum  were  tried 
as  a  means  of  reducing  contamination  and  were  successful. 

F.  Conclusions 


It  was  shown  in  the  results  that  a  palladium  wire  could 
be  melted  and  fabricated  to  meet  the  emf  vs.  Pt27  standard 
determined  by  NBS.  Based  on  past  experience  with  diverse 
thermocouple  materials,  it  is  the  opinion  of  the  authors 
that  a  palladium  vs.  platinum  15%-iridium  couple  could  be 
manufactured  to  a  much  closer  tolerance  than  that  produced 
for  this  program. 
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Task  No.  3 


Investigate  the  Value  of  "Fibro"  on  Reliability,  Endurance, 
and  Accuracy  of  Calibration  Over  Life  in  the  Palladium  '^s. 
Platinum-15^  Iridium  Thermocouples  as  well  as  in  Platinel  2 

A .  Objective 


The  title  of  this  task  summarizes  the  general  objective 
of  the  work  to  be  performed.  "Fibro",  a  proprietary 
process  described  in  Appendix  II,  was  developed  to  in¬ 
hibit  grain  growth  in  pure  metals.  The  use  of  this  fab¬ 
rication  process  has  resulted  in  the  production  of  a 
high  purity  platinum  with  exceedingly  good  stress-to- 
rupture  properties. 

For  the  purpose  of  this  program,  it  was  decided  to  check 
the  reliability  and  endurance  by  hot  tensile  and  stress- 
to-rupture  tests.  This  was  done  and  was  reported  in 
Item  1  (d).  Accuracy  of  calibration  over  life  or  emf 
stability  were  tested  under  this  task  and  are  reported 
here.  A  direct  comparison  was  made  of  the  hot  tensile 
and  stress-to-rupture  properties  of  palladium  with  those 
of  Fibro  Palladium.  It  was  decided  to  run  emf  stability 
tests  only  on  Fibro  Pd  vs.  PtlS^Ir  but  not  on  Pd  vs.  Ptl5^ 
Ir  since  the  latter  work  has  been  covered  by  Ihnat  and 
other  researchers. 

B .  Equipment 

The  equipment  for  the  hot  tensile  and  stress-to-rupture 
tests  is  discussed  in  Section  1  (d).  A  description  of 
the  equipment  used  in  the  emf  stability  or  life  tests 
may  be  found  in  Section  1  (b).  The  equipment  used  for 
thermocouple  calibrations  is  similar  to  that  described 
in  Appendix  I  . 

C .  Experimental  Method 

Duration  tests  on  two  Fibro  1503  vs.  Fibro  1813  and  one 
Fibro  Pd.  vs.  Ptl5^Ir  thermocouples  were  run  for  a  period 
of  1080  hours.  The  thermocouples  were  aged  in  air  at 
1260OC.  A  .020"  diameter  wire  was  used  in  both  Fibro 
Platinel  couples  as  well  as  in  the  Fibro  Pd.  vs.  Ptl5%Ir 
couple.  The  Fibro  materials  were  fabricated  utilizing 
the  method  described  in  Appendix  II. 

Prior  to  life-testing,  each  couple  was  calibrated  over 
the  range  of  400^0  to  1300oc  at  lOO^C  intervals  using 
the  calibration  procedure  described  in  Appendix  I.  These 
couples  were  then  removed  from  the  calibration  furnace 
and  were  inserted  into  a  tube  type  (platinum  wire  wound 
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on  an  AI2O2  tube)  furnace  for  the  aging  tests.  The  depth 
of  immersion  was  approximately  9”  and  the  constant  heat 
zone  was  approximately  4".  The  atmosphere  was  stagnant 
air.  The  bead  of  the  couple  plus  l/2"  of  each  leg  pro¬ 
truded  from  the  end  of  the  twin  bore  high  purity  alumina 
insulator,  and  was  exposed  to  the  test  atmosphere.  A 
platinum  vs.  platinum-10%  rhodium  couple  was  used  for 
control  purposes.  The  bead  of  this  control  couple  was 
in  direct  contact  wi Lh  the  test  couples. 


In  order  to  determine  whether  any  drift  in  emf  had  oc¬ 
curred,  "in  situ"  checks  on  the  control  couple  as  well 
as  each  of  the  tes  t  ..coupl  <.  s  were  made  twice  daily.  At 
the  end  of  1080  hours,  the  test  was  stopped, and  the  coup¬ 
les  were  removed  and  re-calibrated. 

Results 


Several  lots  of  the  Fibre  materials  were  produced.  Some 
of  the  wires  were  set  aside  for  use  in  the  fabrication  of 
the  test  probes  in  Task  No.  4.  The  emf  vs.  temperature 
data  of  the  material  intended  for  this  use  may  be  found 
in  Table  Nos.  13  and  14.  The  remaining  material  was  used 
in  determining  the  emf  stability  as  well  as  the  High  Tem¬ 
perature  Mechanical  Properties  (see  Task  1  (d)).  The  re¬ 
sults  of  the  ernf  stability  test  may  be  found  in  Table  Nos, 
15,  16,  and  17.  The  emf  of  the  Fibro  Palladium  vs.  NBS 
Pt27  may  be  found  in  Table  No.  18.  For  comparison  pur¬ 
poses  the  emf  as  determined  by  NBS  is  shown. 


Table  No.  13 


Stock  Material  for  Task  No.  4 
EMF  vs.  Temperature 


_  ,  • 


Fibro  Palladium  vs.  P 1  a t i num-1 57o  Iridium 


Reference  Junction  O^C 


Wire  Dia.  .040" 


Temoerature, 


EMF,  Millivolts 


9.3 
12.247 
15 . 358 
18.698 
22.256 
26.016 
29.964 
34.085 
38.351 


TemDerature, 


Table  No .  14 

Stock  f'aterlal  for  Task  No.  a 
EMF  vs.  Temperature 

Fibro  1503  vs.  Fibro  1813 
Reference  Junction  O'^C 

EMF,  Millivolts 

;  .040"  dia.  wire  .025"  dia.  wire 


400 

15.637 

15.628 

-  - 

500 

20.118 

20.100 

600 

24.607 

24.633 

700 

29.071 

29.082 

800 

33.382 

33.407 

900 

37.514 

37.545 

1000 

41.450 

41 .488 

_  -  - 

1100 

45.232 

45.264 

1200 

48.811 

48.847 

EMF  -  Millivolts 
Atmosphere  -  Air 

Table  No.  15 

EMF  Stability  Test  1260oc 

Fibro  1503  vs,  Fibro  1813 

Wire  Dia.  .020" 
Reference  Junction  O^C 

Temperature, 

Before 

Test  After  1080  Mrs 

.  Net  Change, 

15.698 

15.684 

20.259 

20.274 

24.759 

24.684 

29.198 

29.103 

33.498 

33.382 

37.630 

37.552 

41.585 

41.547 

45.336 

45.278 

48.991 

48.872 

52.358 

52.263 

Table  No.  16 


EMF  Stability  Test  1260oc 
Fibro  1503  vs.  Fibro  1813 


EMF  -  Millivolts 
Atmosphere  -  Air 

Temperature, 

°C 

Before  Test 
EMF 

Wire  Dia .  . 
Reference  Junction 

After  1080  Hrs.  Net  Cha 

EMF  A  MV 

400 

15.718 

15.817 

+  .099 

500 

20.253 

20.342 

t  .089 

600 

24.761 

24.858 

+  .097 

700 

29.252 

29.281 

+  .029 

800 

33.608 

33.578 

-.031 

900 

37 .779 

37.752 

-.027 

1000 

41.749 

41.797 

+  .043 

1100 

45.532 

45.613 

+  .079 

1200 

49.129 

49.262 

+  .133 

1300 

52.535 

52.600 

+  .065 

Table  No.  17 

EMF  Stability  Test  1260oc 
Fibro  Palladium  vs.  Platinum-15;^  Iridium 


EMF  -  Millivolts 
Atmosphere  -  Air 


Wire  Dia.  .020" 
Reference  Junction  O^C 


Temperature,  Before  Test  After  1080  Mrs.  Net  change, 


9.316 

12.168 

15.271 

18.584 

22.168 

25.913 

29.842 

33.959 

38.203 

42.601 


9.397 

12.254 

15.346 

18.683 

22.259 

26.006 

29.952 

34,101 

38.344 

42.702 


t  .081 
+  .088 
+  .075 
+  .009 
+  .091 
+  .093 
+  .  110 
+  .042 
+  .  141 

t  .  101 


Table  No.  lb 


EMF ,  Fibre  Palladium  vs.  Platinum  (NBS  Pt27) 


Reference  Junction  Qoc 


Wire  Diameter  .040’' 


EMF,  Millivolts 


Temperature,  '’C 


Engelhard  Fibro  Pd 


;nbS  Test)* 


400 

500 

600 

700 

800 

900 

1000 

1100 

1200 


-2.759 

-3.757 

-4.930 

-6.307 

-7.872 

-9.597 

-11.491 

-13.530 

-15.703 


-2.753 


-4.931 


-7.865 


-11.489 


-15.609 


Reference  26 


Interpretation  of  Results 


Since  no  previous  experience  in  the  manu 
Palladium,  Fibro  1503  and  Fibro  1813  had 
it  was  decided  at  the  outset  not  to  set 
ceptance  tolerance  on  the  emf  vs.  temper 
matched  couples  of  these  materials.  The 
that  if  raw  materials  of  the  highest  pur 
and  the  precautions  that  are  usually  tak 
rication  of  thermocouple  wire  were  exerc 
resulting  product,  though  it  might  not  h 
close  to  some  established  value,  would  s 
for  the  purpose  of  the  experiment.  The 
not  to  see  how  closely  material  could  be 
to  some  existing  emf  table,  but  to  deter 
and  other  high  temperature  properties  of 
having  nominal  compositions  close  to  tho 
vs.  platinum-15^  iridium  and  Platinel  2 
by  usual  routine  means.  A  tolerance  of 
an  informal  guide. 


facture  of  Fibro 
been  accumulatea, 
any  rigid  ac- 
ature  of  the 
thought  was, 
ity  were  used, 
en  in  the  fab- 
ised,  then  the 
ave  an  emf  very 
till  be  usable 
intent  here  was, 
manufactured 
mine  emf  stability 
new  materials 
se  of  palladium 
couples  prepared 
a1^  was  set  as 


An  examination  of  the  results  in  Table  Nos.  13  through 
18  shows  that  the  emfs  developed  by  the  matched  Fibro 
combinations  were  surpris'ngly  close  to  established 
values.  Only  in  one  case,  shown  in  Table  No.  17,  was  a 


high  deviation  encountered,  and  this  was  within  ±1^  of  the 
NBS  values  for  Pd.  vs.  PtlSJ^Ir. 

The  materials  supplied  for  the  manufacture  of  probes  in 
Task  No.  4  were  well  within  a  ±3/4^  of  established  values 
(Fibro  by  Engelhard  and  Pd.  vs.  PtlbJI^Ir  by  NBS),  Table 
Nos.  13  and  14.  A  remarkably  close  match  to  NBS  values 
was  obtained  with  Fibro  Palladium  as  shown  in  Table  No. 

18.  The  net  change  in  emf  after  testing  in  air  at  1260oc 
for  1080  hours  was  negligible  for  all  materials  tested. 

Conclusions 

The  results  of  the  work  on  this  task  were  very  gratify¬ 
ing.  It  was  shown  that  Fibro  palladium  vs.  platinum- 
15^  iridium  and  Fibro  Platinel  couples  could  be  fab¬ 
ricated  to  established  emf  vs.  temperature  standards. 

Based  on  the  few  emf  stability  tests  made  in  this  project, 
one  can  assume  that  Fibro  thermocouples  are  very  stable 
when  exposed  to  an  oxidizing  furnace  environment  at 
elevated  temperatures  for  approximately  1000  hours.  How¬ 
ever,  much  more  work  will  be  required  to  determine  the 
tolerance  limits  with  respect  to  emf  vs.  temperature 
to  which  these  couples  can  be  manufactured.  This  is  also 
true  in  regard  to  stability  at  elevated  temperatures. 

Stress-to-rupture  and  hot  tensile  tests  were  performed  on 
Fibro  palladium,  platinum-15^  iridium,  Fibro  1503  and  Fibro 
1813.  The  results  are  reported  in  Item  1  (d).  Evalua¬ 
tion  of  the  stress-to-rupture  data  indicates  that  there 
would  be  no  advantage  in  fabricating  the  Platinel  alloys 
by  the  Fibro  technique.  However,  utilizing  the  same  tests, 
a  gain  in  rupture  strength  was  noted  for  Fibro  palladium 
at  800  and  lOOO^C,  but  not  at  1200oc. 

A  study  of  the  hot  tensile  data  for  the  same  materials 
showed  no  clear-cut  advantage  for  the  Fibro  process  over 
the  regular  process.  The  exception  here  was  with  Fibro 
palladium.  An  increase  in  not  tensile  strength  from  4000 
psi  for  the  regular  palladium  to  5000  psi  for  the  Fibre 
palladium  was  noted  at  lOOOoC. 

An  appreciable  disparity  in  high  temperature  strength  was 
noted  in  the  palladium  and  p  1  a  t  i  num- 1 5;^  iridium  wires. 

When  this  is  related  to  the  apparent  relatively  high  dif¬ 
ference  in  temperature  coefficients  of  expansion  of  these 
materials,  an  explanation  may  be  surmised  as  to  the  reason 
for  the  failure  of  the  couple  when  fabricated  into  a  probe. 
The  use  of  Fibro  palladium  does  not  appear  to  offer  a 
solution  to  this  problem. 


Task  No.  4 


The  development  of  probes  of  the  four  basic  geometries, 
namely  the  stirrup,  beaded  V,  tapered  wire  V,  and  coaxial  or  pen¬ 
cil  type  of  junction  also  covered  various  methods  of  wire  size 
reduction  by  drawing,  swaging,  and  welding.  Wany  combinations 
of  junction  geometry,  wire  material  of  either  Pd.  vs.  Ptlblr  or 
Platinel  2,  in  either  regular  or  Fibro  grades,  listed  in  Table 
No.  19,  were  manufactured. 

In  most  cases,  thermocouple  wires  were  processed  to  re¬ 
duce  the  cross-section  through  the  ceramic  packed  portion  of  the 
probe  in  the  interest  of  economical  conservation  of  the  precious 
metal  materials. 

Two  junction  wire  sizes  were  used  throughout  the  course 
of  the  program,  that  is  .040  and  .032  inch  diameters,  either  of 
which  in  lengths  of  less  than  3/8  of  an  inch  was  aoequate  to 
withstand  the  force  of  the  high  temperature  combust, ion  gas  en¬ 
vironment  at  the  13  lb ./f  t .  sec.  test  flow  condition. 

Probe  Nos.  1,  3,  4,  5,  10,  11,  12,  13,  14,  13,  19,  20, 

21,  25,  26,  27,  28,  29,  and  30  were  sent  to  Aeronautical  Sys¬ 
tems  Division  for  thermal  cycling  tests  with  JP-4  fuel.  The  re¬ 
mainder  were  sent  to  The  National  Bureau  of  Standards  for  re¬ 
sponse  tests,  and  thermal  cycling  in  a  gasoline  and  air  combus¬ 
tion  rig. 

The  results  of  the  tests  on  the  Platine,!  2  thermocouples 
are  presented  in  complete  detail  in  ASD-TDR -62-835 . 

The  first  prototype  probes  were  sent  to  Aeronautical  Sys¬ 
tems  Division  for  thermal  shock  testing  in  the  single  burner  test 
rig  at  that  facility.  Since  experimental  development  work  on 
the  palladium  vs.  platinum  15^  iridium  couple  was  in  progress  at 
the  time,  the  earliest  probes  shipped  were  of  the  Platinel  2 
variety  as  shown  in  Table  19. 

Exhauster  and  stack  burnout  failures  at  Aeronautical  Sys¬ 
tems  Division  limited  the  amount  of  testing  at  the  Air  Force  test 
facility,  and  all  test  couples  from  No.  30  were  sent  to  NBS  for 
thermal  cycling. 

None  of  the  Pd.  vs.  Ptlblr  thermal  cycling  tests  were 
able  to  be  performed  at  ASD  because  of  equipment  breakdown. 

Tests  were  however  performed  at  NBS  on  7  couples.  Nos.  31-37  in¬ 
clusive,  the  result.,  of  whii.h  are  given  in  ASD-TDR-62-835 . 
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The  thermocouple  junctions  were  oriented  in  these  tests 
so  that  the  plane  of  the  wires  was  always  normal  to  the  direc¬ 
tion  of  the  qas  flow.  The  temperature  change  to  which  these 
couples  were  subjected  was  about  300of.  a  summary  of  the  results 
of  these  tests  is  given  in  the  following  table: 


Couple 

No. 


Table  No.  20 

Experimental  Time  Response  Data 

Average  time  T ,  in  Seconds 
Gas  Temp.  -  lOOOop  Gas  Temp. 

Gas  Flow  lbs. /ft. ^  sec. 


1600OF 


6 

8 

6 

8 

31 

0.87 

0.80 

0.73 

0.68 

32 

0.77 

0.71 

0.69 

0.64 

33 

0.85 

0.78 

0.70 

0.62 

34 

0.61 

0.54 

0.53 

0.42 

35 

0.91 

0.87 

0.79 

0.70 

36 

1.31 

1.14 

1.12 

1.08 

37 

0.91 

0.76 

0.73 

0.64 

A 

summary  of  the 

^  results  of  the 

calibration  of  these 

)uples 

i  s 

presented  in 

the  following  table: 

Table  No.  21 

EMF 

Output  of  the 

(  Following  Thermocouple  Probes 

Temp . 

31 

33 

34 

35 

36 

37 

op 

mv 

200 

1.792 

1.790 

1.791 

1.791 

1.793 

1.792 

400 

4.253 

4.249 

4.251 

4.246 

4.252 

4.254 

600 

6.971 

6.976 

6.971 

6.979 

6.983 

6.986 

800 

9.944 

9.951 

9.948 

9.960 

9.963 

9.965 

1000 

13.189 

13.205 

13.200 

13.208 

13.214 

13.213 

1200 

16.703 

16.723 

16.719 

16.716 

16.735 

16.728 

1400 

20.496 

20.530 

20.522 

20.537 

20.538 

20.527 

1500 

22.496 

22.540 

22.535 

22.541 

22.548 

22.529 

1600 

24.566 

24.609 

24.607 

24.610 

24.617 

24.595 

1700 

26.682 

26.740 

26.737 

26.749 

26.747 

26.715 

1800 

28.887 

28.950 

28.946 

28.952 

28.952 

28.906 

1900 

31.124 

31.194 

31.191 

31.192 

31.189 

31.137 

2000 

33.409 

33.493 

33.487 

33.490 

33.481 

33.418 

2100 

35.740 

35.825 

35.822 

35.825 

35.803 

35.741 

2200 

38.103 

38.191 

38.187 

38.181 

38.172 

38.098 

2300 

40.488 

40.584 

40.586 

40.586 

40.560 

40.474 

Following  the  calibration  of  these  thermocouple  probes  in 
the  muffle  furnace,  they  were  subjected  to  tests  in  the  thermal 
shock  apparatus.  During  installation  in  the  apparatus  one  of 
the  lead  wires  of  probe  No.  37  broke,  and  it  was  replaced  by  probe 
No.  32. 


The  temperature  of  the  exhaust  gases  was  adjusted  so  that 
the  probes  reached  a  temperature  of  2000oE.  The  mass  flow  of  the 
exhaust  gases  was  held  at  13  lbs.  per  ft,  sec..  The  thermal 
shock  cycle  consisted  of  nine  minutes  in  the  exhaust  gas  stream 
followed  by  three  minutes  in  cool  air  at  a  very  low  velocity, 
probably  less  than  50  ft.  per  sec. 

All  thermocouples  failed  in  a  relatively  short  period  of 
time.  No.  36  developed  an  open  circuit  during  the  heating  of 
cycle  No.  23.  Nos.  34,  32,  33,  31,  and  35  failed  during  cycles 
58,  67,  67,  81,  and  109  respectively.  The  two  V-type  junctions. 
Nos.  34  and  35  failed  in  the  palladium  element  near  the  swaged 
insulating  material.  The  stirrup-type  thermocouples  failed  nearer 
the  junction  and  in  some  cases  in  both  elements.  (End  of  NBS  re¬ 
port  ) . 


As  previously  mentioned  in  Summary  ci  Results,  all  of  the 
junction  failures  in  the  Pd  vs.  Ptl5%Ir  couple  had  a  character¬ 
istic  physical  appearance  in  the  pronounced  elongation  of  the 
positive  palladium  leg.  The  exact  reason  for  the  failure  is  not 
known,  though  it  is  fairly  evident  by  the  appearance  of  the  rela¬ 
tively  sharp  fractures  of  the  wires,  that  fatigue  is  not  the  cause 
of  the  breaks.  A  more  likely  reason  would  seem  to  be  in  rapid 
grain  growth  which  occurs  in  the  pure  element  in  comparison  to 
that  observed  in  an  alloy. 

The  markedly  different  tensile  strengths  and  coefficients 
of  expansion  of  palladium  and  platinum  15^  iridium  wires  at  ele¬ 
vated  temperature,  coupled  with  rapid  growth  of  grain  structure, 
may  well  have  influenced  the  results  observed. 

Three  Pd  vs.  Ptl5%Ir  probes,  which  had  been  tested  on 
Contract  No.  AF33( 600)-32302 ,  and  which  failed  after  relatively 
short  time  in  the  single  burner  rig  were  examined.  A  sample  of 
the  palladium  in  the  vicinity  of  the  break  was  assayed  for  sulfur 
analysis.  It  was  determined  that  0.24^  S  was  present.  The  opin¬ 
ion  was  expressed  that  this  is  an  exceptionally  high  concentra¬ 
tion  of  sulfur,  sufficient  to  cause  embrittlement  and  subsequent 
failure  of  the  palladium  wire. 

Numbers  of  failures  of  wire  occurred  in  the  Platinel  2 
probes  during  the  severe  thermal  shock  treatment  of  the  temper¬ 
ature  cycling,  all  of  the  failures  occurring  internally.  The 
breaks  in  the  wires  generally  coincided  with  lateral  cracks  across 
the  ceramic  insulation,  suggesting  that  they  might  have  been  due 
to  differential  expansion  between  the  ceramic  and  wire. 
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Failures  were  also  noted  at  the  areas  close  to  internal 
welds  between  wires  of  .040  and  .025  diameters. 

Increasing  the  wire  size  from  the  .025  diameter  within 
the  oody  of  the  probe  to  .032  or  .040  eliminated  the  failure 
problem. 
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Recommendations 


Additional  work  as  to  the  reason  for  calibration  shifts  at 
aging  temperatures  in  excess  of  1200oc  appears  to  be  war¬ 
ranted.  This  would  include  chemical  assaying  and  spectro¬ 
graph  ic  analysis  to  establish  possible  changes  in  the  nom¬ 
inal  mixture  ratio  of  elements  in  each  alloy,  as  well  as 
to  determine  the  presence  of  contaminating  influences. 

Further  study  of  aging  treatment  of  wire  should  be  made  to 
develop  a  stabilizing  procedure  for  continuous  thermocouple 
usage  at  the  higher  temperature  limit.  This  would  include 
testing  for  the  effects  of  high  temperatures  on  larger  wire 
sizes. 

The  effects  of  severe  cold  working  on  wire  metallurgical 
structure  should  be  investigated.  The  results  shown  by  the 
thermal  shock  tests  on  wire  reduced  by  drawing  or  swaging 
from  .040  dia.  to  .025  dia.  point  to  the  need  for  this  in- 
f  orma  tion . 

More  detailed  meta J iurgical  study  of  welding  of  noble-to- 
base  metals  as  in  the  case  of  alloy  1813  to  chromel,  and 
alloy  1503  to  alumel  is  a  serious  need.  Industry  is  faced 
with  this  problem  because  of  economic  considerations  in 
conservation  of  the  precious  metals. 

A  tabulation  of  emf  vs.  temperature  similar  to  the  NBS 
Table  561  would  prove  most  useful  to  the  aircraft  industry 
at  this  time. 

An  extension  of  the  temperature  limit  of  the  gold-palladium- 
platinum  alloy  thermocouple  system  for  higher  performance 
engines  suggests  continuing  research  and  development  with 
Platinel-like  materials. 
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APPLNDIX  I 


Calibration  fiethod 


This  method  wcs  originally  developed  at  the  National  I-ureiu 
of  Standards  for  the  comparison  calibration  of  two  th  ermoc  ou  p  i  t  . 

A  simultaneous  reading  is  taken  of  the  emf  of  each  of  the  coup¬ 
les  without  waiting  for  the  furnace  to  come  to  a  constant  tofr- 
perature.  In  order  to  insure  equality  of  temperature  between 
the  measur'ng  lunctions  of  the  thermocouples,  they  are  usually 
welded  together.  However,  for  this  proiecu  an  alternate  ioining 
method  was  employed.  The'beads  of  the  test  and  standard  couples 
were  wrapped  together  with  platinum  foil. 

A  separate  potentiometer  was  used  to  measure  each  emf,  one 
connected  to  each  thermocouple.  Each  potentiometer  was  provided 
with  a  reflecting  galvanometer .  The  two  spots  of  light  wei-a 
then  reflect ed  onto  a  single  scale,  the  galvanometers  being  set 
in  such  position  that  the  spots  coincide  at  the  zero  point  on 
the  scale  when  the  circuits  are  open  and,  therefore,  also  when 
the  potentiometers  are  set  to  balance  ’he  emf  of  each  thermo¬ 
couple.  Simultaneous  readings  were  obtained  by  setting  one  poten¬ 
tiometer  to  a  desired  value  and  adjusting  the  other  so  hat  both 
spots  of  light  pass  across  the  zero  of  ;he  scale  together  as  ihe 
temperature  of  the  furnace  is  raised  or  lowered.  A  calibrated 
platinum  vs.  pla  tinum-lO;^  rhodium  couple  was  jsec'  as  a  standard. 

Figure  3  is  a  schematic  of  the  calibration  equipment  and 
Figure  4  is  a  photograph  of  this  equipment. 
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APPENDIX  II 


"Fibro"  Thermocouple  Wire 


Experience  has  shown  that  in  platinum  vs.  platinum/rhodium 
thermocouples  subiected  to  appreciable  handling,  the  life  of  the 
couple  is  frequently  determined  by  the  resistance  of  the  pure 
platinum  element  to  stresses  set  up  durino  handling.  Thus,  in 
couples  that  fail  for  reasons  other  than  contamination  or  loss 
of  "calibration",  by  far  the  greatest  percentage  fail  by  fracture 
of  the  pure  platinum  element.  This  is,  of  course,  in  accordance 
with  the  known  mechanical  weakness  of  pure  platinum  after  pro¬ 
longed  heating  at  high  temperatures,  and  which  is  associated 
with  excessive  grain  growth.  The  grain  growth  is  particularly 
marked  in  thermoelement  platinum  on  account  of  its  extreme 
purity. 

It  has  not  been  found  possible  hitherto  to  effect  any  con¬ 
trol  of  grain  growth  in  the  case  of  thermoelement  quality  plat¬ 
inum,  as  the  powder  metallurgical  techniques  which  might  be  used 
to  effect  an  improvement  are  unsuitable  for  manufacturing  thermo¬ 
element  quality  platinum. 

However,  by  the  use  of  an  entirely  new  principle.  Reference 
29,  a  thermoelement  quality  platinum  wire  can  be  prepared  having 
a  fibrous  structure  which  resists  recrystallization  at  elevated 
temperatures  and  which  shows  a  marked  resistance  to  grain  growth. 
Notwithstanding  the  enhanced  mechanical  properties,  emperature 
coefficient  of  resistance  and  thermoelectric  tests  have  shown 
this  new  thermocouple  platinum,  designated  "Fibre  Thermocouple 
Platinum",  to  be  indistinguishable  from  conventional  thermo¬ 
element  pla'inum  as  far  as  thermoelectric  behaviour  is  concerned. 

T ime- t o-rup tu r e  tests  carried  out  at  high  temperatures  have 
revealed  Fibro  thermoelement  to  be  many  times  better  than  normal 
thermoelement.  Thus,  in  one  series  of  tests,  carried  out  at  a 
temperature  of  14b0oc  under  a  stress  of  171  Ibs./sq.  in.,  normal 
thermocouple  platinum  fractured  after  2  hours,  while  300  hours 
elapsed  before  the  Fibro  thermoelement  fractui-ed. 

By  use  of  the  Fibro  thermoelement  platinum,  it  is  now  pos¬ 
sible  to  form  a  thermocouple  in  coniunction  with  a  conventional 
platinum-rhodium  thermocouple  alloy  in  which  the  two  elements 
c3  ’  more  nearly  com,jatible  in  terms  of  mechanical  properties 
and,  in  situations  where  mechanical  strength  is  important,  the 
couple  has  a  longer  life  than  one  employing  conventional  elements. 

The  idea  of  using  the  Fibro  technique  to  improve  the  high 
temperature  properties  of  relatively  weak  thermoelements  was  car¬ 
ried  over  to  this  project.  The  immediate  objective  was  to  try 
0  improve  the  strength  of  the  palladium.  At  the  same  tin:e  it 
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was  tried  on  Platinel  to  see  what  effect  it  would  have  on  its 
properties.  The  results  of  the  tests  on  finished  Fibro  mate¬ 
rials  are  reported  elsewhere  in  this  report  (Tasks  1  (d)and  3,1). 


Method  of  Preparing  Fibro 

Fibro  materials  made  Tor  this  contract  were  made  in  a  man¬ 
ner  which  is  similar  to  the  one  described  below. 

Metals  of  the  highest  commercial  purity  were  selected. 

Spec trographic  analysis  was  the  criterion.  The  selected  mate¬ 
rial  was  melted  and  cast.  The  bar  was  then  cold  worked  to  1/2" 
diameter  and  cut  in  half.  One-half  was  worked  down  to  .020" 
diameter  wire  with  appropriate  acid  cleaning  steps  to  insure 
the  continued  purity  of  the  material.  A  sample  of  this  wire 
was  checked  at  1200°C  against  a  calibrated  platinum  wire  to  de¬ 
termine  whether  its  thermal  emf  met  certain  requirements.  After 
approval  of  the  wire,  a  convenient  length  of  the  first  half  of 
the  bar  was  bored  to  produce  a  tube  having  a  l/8  inch  wall  thick¬ 
ness.  The  .020  inch  diameter  wire  was  cut  in  lengths  equal  to 
that  of  the  tube  and  straightened.  The  tube  and  the  wires  were 
boiled  in  aqua  regia,  washed  in  distilled  water  and  dried,  taking 
precautions  to  preclude  any  possibility  of  recontamination.  Using 
clean  gloves  to  protect  against  impurity  pick-up,  the  wires  were 
packed  into  tlie  tube  to  form  as  complete  a  packing  as  possible. 

The  composite  bar  was  repeatedly  swaged  and  annealed  until  the 
final  wire  was  formed.  All  possible  precautions  were  taken  to 
prevent  contamination.  After  all  work  was  completed,  the  final 
wire  was  recalibrated.  No  noticeable  change  in  emf  was  detected. 
Some  of  the  results  of  the  electrical  tests  on  these  materials 
are  reported  under  Task  No.  3. 
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Introduction 


The  development  efforts  associated  with  the  manufacture 
of  actual  hardware  under  Task  No.  4  were; 

1.  Swaging  techniques. 

2.  Wire  reduction  by  swaging. 

3.  Electrical  butt-welding  of  wire. 

4.  Torch  butt-welding  of  wire. 

5.  Heli-arc  butt-welding  of  wire. 

Swaging 

All  of  the  thermocouple  assemblies  manufactured  under 
this  contract  were  processed  using  crushable  bead  insulators  of 
magnesium  oxide.  Outside  diameter  of  all  probes  was  held  con¬ 
stant  at  0.312  dia.  Sheath  material  was  also  the  same  in  all 
cases,  being  Inconel  of  seamless  drawn  variety,  having  a  No.  1 
temper  (annealed).  Wall  thickness  of  the  tubing  as  procured  was 
.025  inches. 

A  Torrington  No.  3  swager  was  used  to  manufacture  all 
probes;  this  size  machine  is  just  adequate  to  accommodate  the 
0.375  O.D.  of  the  unswaged  sheath.  All  swaging  was  fed  by  hand 
at  a  rate  of  approximately  l/2  inch  per  second. 

The  first  lots  of  swaged  thermocouples  used  insulators 
of  0.295  dia.  Some  cases  of  poor  packing  of  insulation  resulted 
from  this  use  of  apparently  undersized  insulators.  Voids  were 
found  in  the  earliest  sample  probes,  permitting  seepage  of  oil 
by  capillary  action,  resulting  in  low  insulation  resistance  and 
some  internal  wire  failures. 

Immediate  improvement  in  the  density  of  packing  was  noted 
upon  increasing  insulator  size  to  0.310  O.D.  The  reduction  of 
area  of  the  insulation  from  the  initial  diameter  of  0.310  to  its 
final  size  of  approximately  0.256  amounts  to  32^  (sheath  wall 
thicxness  increases  slightly  to  .028  during  swaging). 

Greater  density  of  pack  has  been  tried  by  using  tubing 
with  .035  wall  thickness.  The  reduction  in  area  in  this  case, 
assuming  a  wall  buildup  of  .005,  amounts  to  -- 

100  0«  3 1 0  -  0.232^  _  45^ 

OTo^  “ 

A  noticeable  decrease  in  wire  size  results  from  the  use 
of  this  percentage  reduction  in  area.  Accordingly,  a  reduction 
of  30  to  35^  is  recommended. 

i owder  ing-out  of  insulation  is  prevented  by  providing 
ina-wise  confinement  of  the  insulation  with  teflon  plugs.  The 
plugs  are  locked  in  position  by  swaging  opposite  ends  of  the 
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tubing  prior  to  the  final  pass.  Clearance  holes  of  approximately 
.044  dia.  are  provided  for  passage  of  the  .040  thermocouple  wires, 
the  O.D.  being  sized  to  give  a  slight  press  fit  into  the  sheath 
material.  The  plugs  are  easily  removed  by  slitting  the  sheath 
with  an  abrasive  cut-off  wheel,  and  sliding  them  off  the  wires. 

Some  tests  were  run  using  nylon  plugs,  but  this  material 
grips  the  wire,  and  is  difficult  to  remove.  Experiment  with  larger 
clearance  holes  may  find  the  nylon  plugs  to  be  equally  as  effec¬ 
tive  as  the  teflon  ones. 

The  operations  shown  in  Figure  33  illustrate  the  standard 
swaging  procedure  which  has  evolved  from  a  variety  of  techniques 
attempted.  The  method  is  useful  in  fabricating,  not  only  the 
simple  beaded  V  junction  illustrated,  but  also  the  loop  and  ta¬ 
pered  wire  junctions  as  well.  In  the  latter  cases,  the  junctions 
/are  pre-formed  prior  to  assembly,  and  are  enclosed  over  their 
^length  by  powdered  MgO  for  a  short  distance  to  the  close  teflon 
plug . 


This  swaging  procedure  was  developed  primarily  to  permit 
assembly  of  probes  with  wires  of  varying  cross-section  as  well  as 
dissimilar  lead-wire  materials.  If  the  wires  were  to  be  cf  uni¬ 
form  diameter  and  material,  there  would  be  no  need  for  this  more 
involved  technique.  They  would  merely  be  sectioned  from  a  long 
length  of  swaged  "stock".  The  saving  of  precious  metal  through 
the  use  of  this  technique  is  appreciable  enough  to  warrant  its 
use. 
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INCONEL  TUBING 


I.  CUT  SHEATH  TO  LENGTH 


-.312  DIA. 


u?U 


2  SWAGE  ONE  END  OF  SHEATH 


THERMOCOUPLE  WIR 

^310  DIA.  -  3  LONG 

/  CRUSHABLE  MaO  BEADS  i-:330DIA. 


BOTH  ENDS 

3.  ASSEMBLE  THERMOCOUPLE  WIRES 
AND  INSULATORS 


4.  LOAD  THERMOCOUPLE  ft  INSULATOR 
ASSEMBLY 

Figure  33,  Operations  Analysis  of  Thermocou''’e  Fabricaticii 
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SWAGE  FROM  THIS  END 


-.312  PI  A. 


T 

5.  SWAGE  ENTIRE  LENGTH  OF  SHEATH 


6.  CUT  SHEATH  TO  FINAL  LENGTH 


F=^ 

^HELI-ARC  WELD 


7.  TRIM  a  FORM  JUNCTION  BY  WELDING. 
CUT  EXTENSION  LEADS  TO  LENGTH 


Figure  33  (Cent*  d)  SHEET  2  OF  2 
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Wire  Reduction 


Extensive  efforts  were  devoted  to  the  reduction  in  wire 
size  from  .040  inch  diameter  to  .025  inch  diameter  by  various 
techniques  in  the  interest  of  economy  of  noble  metal  usage  in 
thermocouple  probe  co  .  uction. 

Probes  were  fabricated  and  submitted  to  testing  to  both 
ASD  and  NBS  with  one  and  two-piece  thermocouple  leads.  The  one- 
piece  leads  were  reduced  from  the  .040  inch  to  .025  inch  size  by 
either  drawing  in  three  passes,  or  by  swaging  in  one  pass. 

As  far  as  the  drawing  technique  is  concerned,  no  partic¬ 
ular  problem  was  met,  though  the  effort  is  hardiy  worth  the  time 
required,  and  is  not  recommended  for  further  consideration. 

Reduction  of  area  by  swaging  was  investigated.  The 
earliest  experience  was  obtained  using  the  No.  3  swager,  and 
considerable  difficulty  was  encountered  due  to  the  condition  of 
the  machine.  Deterioration  in  the  necessarily  tight  clearances 
between  die  blocks  and  the  spindle  slot  resulted  in  work  having 
poor  surface  finish  due  to  "shaving"  or  "finning".  Since  the 
larger  swaging  machines  have  relatively  large  built-in  clearances, 
it  is  difficult  to  obtain  satisfactory  wire  ■^eduction  below  a 
certain  size.  The  smaller  swagers  are  constructed  with  the  fine 
clearances  required  to  produce  light  work.  Samples  of  Platinel  2 
wire  of  .040  inch  diameter  sent  to  The  Torrinqton  Company  wer^ 

processed  on  their  light  Model  #100,  being  re  iced  in  one  pass 

to  .025  inch  diameter.  This  is  equivalent  to  a  reduction  in  area 

of  6151^.  The  success  of  the  tests  resulted  in  purchase  of  this 

model,  and  no  trouble  was  experienced  in  reducing  the  Platinel  2 
alloys,  palladium,  or  even  the  considerably  harder  platinum  15^ 
iridium  material  in  one  pass.  Surface  finish  was  always  ex''!- 
lent,  and  the  wire  emerged  from  the  machine  in  straight  condition. 

The  operation  of  wire  reduction  for  the  approximate  12 
inch  length  used,  required  about  15  seconds,  and  the  length  of 
the  reduced  section  can  be  controlled  very  precisely  with  little 
effort. 


The  results  of  the  tests  on  probes  having  wires  swaged 
from  the  .040  inch  diameter  to  .025  inch  diameter  leave  question 
as  to  the  severity  of  the  cold-work  within  the  wire.  The  last 
tests  performed  at  NBS  used  wires  reduced  at  the  most  by  36^. 
There  were  no  failures  under  the  thermal-shock  conditions  to  700 
cycles  in  the  last  six  probes  tested. 

Figure  No.  34  illustrates  a  micro-etch  cross-section  of 
a  Platinel  2  alloy  1503  wire  reduced  in  one  pass  from  .040  inch 
to  .025  inch  diameter.  The  spiral  grain  flof.'  effect  is  no  doubt 
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Longitudinal  Section 


due  to  the  twist  exerted  by  the  operator  in  feeding  the  wire 
through  the  dies.  It  would  be  interesting  to  compare  wire  cross- 
sections  from  samples  swaged  in  say  three  passes  with  intermediate 
anneals. 


More  work  in  this  area  in  consideration  of  the  results 
appears  to  be  warranted. 


1. 


Butt- Welding  of  Lead  Wires 
Electrical  Butt-Welding 


An  attempt  at  using  DC  capacitive  discharge  welding  equip¬ 
ment  to  butt-weld  Platinel  2  wires  was  made  by  a  local 
manufacturer  of  such  equipment  without  success.  This  ex¬ 
perimentation  was  dropped  when  immediately  satisfactory 
results  were  obtained  with  AC  synchronous  welding  equipment. 
The  relatively  long  cycle  time  (approximately  1  l/2  cycles) 
followed  by  pulses  of  current  to  anneal  the  weld  area  pro¬ 
duced  strong  welds. 


Torch  Welding 


Torch  butt-welds  on  both  legs  of  Platinel  2  wires  have  been 
made  using  a  fine  torch  tip  supplied  with  city  gas  and  oxy¬ 
gen.  The  wires  are  supported  in  "V"  grooves  machined  in  a 
graphite  block  the  grooves  being  separated  by  a  recess  at 
the  area  of  the  junction.  The  heat  is  applied  to  the  heavier 
wire  close  to  its  end.  The  color  temperature  of  both  wires 
is  closely  observed,  and  the  position  of  the  flame  tip  is 
adjusted  to  maintain  the  same  color  in  both  wires.  Once  the 
wires  reach  plasticity,  slight  endwise  pressure  on  one  wire 
will  bring  about  fusion  at  the  junction. 


Heliarc  Butt-Welding 


Very  smooth  butt-welded  joints  have  been  made  on  all  four 
wire  materials  investigated  under  th? s  program,  that  is, 
Platinel  2  alloys,  1813  and  1503,  palladium,  and  platinum 
15/li  iridium.  The  wires  are  supported  in  the  same  carbon 
block.  The  arc  is  struck  with  a  tungsten  electrode  of 
l/32  inch  diameter,  direct  current  being  used,  and  gradually 
worked  over  towards  the  joint.  As  the  joint  area  melts  and 
fus^s,  the  arc  is  broken  by  removal  of  the  electrode  to  ap¬ 
proximately  1/2  inch  from  the  wire,  while  maintaining  the 
flow  of  helium. 


DC  current  requirement  is  8-10  amps.  Helium  flow  rate  is 
30  cu .  ft. /hr.  The  weld  bead  formed  at  the  junction  is 
removed  by  swaging,  the  excess  material  blending  into  the 
tapered  transition  zone  between  the  .040  inch  and  .025  inch 
diameters.  Thit  is  done  with  an  .025  inch  diameter  wire 
reducing  die. 


This  same  heliarc  butt-welding  technique  can  be  used  to 
form  the  junction  of  the  two  .040  Inch  diameter  wires  of 
the  stirrup  type  design  shown  in  Figure  32.  Removal  of 
the  excess  bead  material  at  the  joint  is  accomplished  by 
swaging  with  an  .040  inch  diameter  die. 

Annealing  Procedures 

All  Platinel  2  wires  were  annealed  at  850oc  following 
preparation  for  assembly  into  probes.  The  finished  probes  were 
likewise  annealed  at  850oc  for  the  purpose  of  strain  relieving 
and  stabilization  prior  to  calibration. 

Palladium  vs.  platinum  iridium  wires  or  probes  were  an¬ 
nealed  by  heating  to  1200oc  for  one  hour  in  an  atmosphere  of 
argon . 

Probe  Fabrication 
1 .  Stirrup  Type  Junction 

Thermocouple  wires  were  butt-welded  as  the  first  operation 
in  the  processing  of  this  junction  configuration.  After 
forming  the  junction  shape  by  bending  over  a  mandrel,  the 
insulators  were  slid  into  position  and  the  thermocouple  and 
insulator  assembly  were  otherwise  processed  in  accordance 
with  the  steps  outlined  in  Figure  No.  33, 

2  .  Tapered  "V**  Junction 

Thermocouple  wires  were  prepared  by  tapering  the  junction 
ends  in  a  die  having  an  .040  -  .025  inch  reduction  in 
diameter.  The  mating  surfaces  of  the  wires  were  prepared 
by  filing.  The  junction  was  then  made  by  spot-welding, 
a  minimum  of  two  spots  being  used.  Assembly  operations 
were  otherwise  in  accordance  with  the  procedure  outlined 
in  Figure  No.  33. 


3 .  Beaded  "V"  Thermocouple 

The  processing  technique  for  this  thermocouple  follows  in 
detail  the  outline  shown  in  Figure  No.  33.  Formation  of  the 
junction  is  facilitated  through  the  use  of  a  graphite  chill 
block,  which  serves  to  control  the  junction  length  effec¬ 
tively.  The  thermocouple  wires  are  cut  to  a  length  greater 
than  tiie  width  of  the  chill-block,  allowance  being  made  for 
the  anticipated  volume  of  the  bead.  Experiment  will  estab¬ 
lish  the  exact  length  of  wire  required  to  produce  a  finished 
junction  length. 


Prior  to  welding,  the  wires  are  bent  to  the  triangular  plan- 
form  with  the  last  l/8  of  an  inch  or  so  being  in  tangential 
contact  from  the  first  point  of  intersection. 

The  two  wires  are  held  in  contact  with  the  carbon  chillblock 
during  the  welding  operation.  The  arc  is  struck  at  approx¬ 
imately  half  an  inch  from  the  wires,  and  is  moved  to  the 
junction.  Once  fusion  has  occurred,  the  arc  may  be  removed. 


